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SECTION I 
INTRODUCTION 
Volume I1 consists of seven major sections: Management, 
Technical, Engrneering, Reliability, Quality Assurance, Documenta- 
tion and Field Operations. These sections are presented in chrono- 
logical order to enable the reader to follow the progress of the 
  pol lo Program from 1962 to its completion in 1969. Volume 11 is 
further further divided into two parts: 
Part 1 Section l Introduction 
Section 2 Program Management 
Section 3 Technical Approach 
Section 4 Engineering 
Part 2 Section 5 Reliability 
Section 6 Quality Assurance 
Section 7 Documentation 
Section 8 Field Operations 
The year 1969 marked the culmination of the Apollo effort with 
the successful moon landing of Apollo 11, 
The Apollo program structure during this period was subjected 
to a continuous streamlining in order to keep it in consonance, 
both cost and schedule wise, with the rapidly shifting Apollo re- 
quirements that prevai led. 
The mission of Kollsman's Apollo effort did not end with the 
Apollo 11 moon mission, nor with the end of the contract NAS 9-497 
in December 1969, but w4.11 continue for the duration of the follow- 
on contract NAS 9-10356 until the end of 1972, supplying the same 
professional support and management excellence to the support phase 
as was rendered to the development and manufacturing phases. 
I APOLLO P HOGHAM MANAGEMENT 
I 2.1 INTRODUCTION I 
The Apollo P r o j e c t  was a unique program demanding outs tand ing  
management t a l e n t s  and d i s c i p l i n e s .  S ince .  t h e  i ncep t ion  of Apollo, 
Kollsman Corporata nlanagement has recognized thi 3 need and has 
dedicated i t s  efforts to  the success of this undertaking.  Toward 
this end, it provided a projec l i zed  program o rgan iza t ion  whose 
s o l e  func t ion  was t h e  s u c c e s s f u l  execu t ion  of all aspec t s  o f  t h e  
program. This  r e s u l t  lng  o r g a n i z a t i o n  p reva i l ed  throughout t h e  
e n t i r e  Apollo effort, s u c c e s s f u l l y  meeting the chal lenges  and de- 
mands of  t h i s  dynamic program. 
Kolleman management achievements and i t s  record  of performance 
becane$ s p e c i a l l y  noteworthy when cons ide ra t i on  is given t o  t h e  
unique c h a r a c t e r  of the i n t e r r e l a t i o n s h i p  t h a t  e x i s t e d  between 
ACED and KI on a subcont rac t  b a s i s  w i th  MIT r e t a i n i n g  o v e r a l l  
r e s p a n s i b i  l i t y  for  des ign  d i r e c t i o n  of t h e  program. Within t h i s  
aomplex i n t e r f a c e ,  Kollsman management was a b l e  t o  create optimum 
coord ina t ion  by blending its a c t i o n  and phi losophies  smoothly into 
the o v e r a l l  p l a n  to achieve t h e  mutual miss ion  o b j e c t i v e s .  
Kollrrman's e x p e r t i s e  i n  t h e  ntanagement of t h i s  complex t echn i -  
cal t a s k  was further enhanced by the f a c t  t h a t  i ts record  of high 
level performance was achieved wi th in  t h e  c o n s t r a i n t s  of  a r i g i d  
c o a t  c o n t r o l  and cost reduc t ion  program. The e f f e c t i v e n e s s  o f  t h i s  
cost conscious c l ima te  is dramatically shown by the $1 m i l l i o n  
underrun that was achieved. Kollsn~an management i n s  ti t u t e d  
several vigorous cast reductifin proqrams, several of which r e s u l t e d  
in recommendations to  reduce scope w h i c h  w e r e  subsequently acted 
upon. 
I n  summary, K o l l . s m a r r  Apol l o  lncllrlagement c o n t i n u a l l y  provided 
t h e  o r g a n i z a t i o n ,  f ac i l i . t i e s ,  manpower guidance, control, suppor t ,  
and pr ior i t ies  necessary to fulfill a l l  Apollo kommitments. 
T h i s  report is air account of this management ro l e .  I t  pro- 
vides the  d e t a i l s  of management's record of performance along with 
the philosophy of operation. 
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I 2 . 2  CONTMCT VALUE 
I Kollomnn executed t h e  Apollo Program under t w o  (2)  discrete 
I c o n t r a c t s  : 
NAS 9-499 - January  1962 through J u l y  1964 - K I  prime t o  NASA I 
NAS 9-497 - J u l y  1964 through December 1969 - KT subcont rac to r  
t o  ACED . 
Figure  2-1 shows t h e  t a r g e t  c o s t s  o f  $38,137,000 and t h e  
a c t u a l  costs of  $36,900,000 r e l a t e d  to NAS 9-497 (FNP 12726) and 
, t h e  r e s u l t a n t  underrun o f  approximately $1,200,000. 
F igure  2-2 shows t h e  a l l o c a t i o n  o f  t h i s  t o t a l  expendi ture  f o r  
I each d i s c i p l i n e .  
1 2.3 ORGANIZATION I 
The Kollsman A p o l l o  P r o j e c t  o rgan iza t ion  changes are shown i n  
Figures  2-3 and 2-4. Figure  2-3 shows the organ iza t ion  i n  the 'crJ 
e a r l y  manufacturing and development s t a g e s  o f  t h e  Apollo c o n t r a c t  
wh i l e  Figure  2-4 shows t h e  l a t e r  o rgan iza t ion  s t r u c t u r e  which pre- 
v a i l e d  through a large p a r t  o f  t h e  c o n t r a c t .  Subsequent changes 
occurred  a t  planned i n t e r v a l s  i n  response t o  changing requirements 
of the program and in su red  optimum management mesh a t  a l l  times. 
I 2.3.1 R e s p o n s i b i l i t i e s  I 2.3.1.1 Programs Di rec to r  
The Programs D i r e c t o r  served a s  Kollsman's p r i n c i p a l  con tac t  
with the customer,  e s t a b l i s h e d  o p e r a t i n g  p o l i c i e s  and made program 
p o l i c y  d e c i s i o n s .  H e  coordinated  t h e  a c t i v i t i e s  be ing implemented 
by subord ina t e  s p e c i a l i z e d  managers. H e  superv i sed  a l l  program 
planning,  reviewed a l l  subcon t r ac to r  changes i n  t e c h n i c a l  r equ i re -  
ments,  c o a t  o r  schedules  and e s t a b l i s h e d  adequate  t e c h n i c a l  and 
management l i a i s o n  and c o n t r o l  of s u b c o n t r a c t o r s ,  flow o f  oos t and 
t e c h n i c a l  informat ion  and system engineer ing  c o n t r o l .  
I The ~pol lo /LM Programs Direc.tor repor ted  d i r e c t l y  to t h e  Ssace Divis ion  General .  Manager. 
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2.3.1.2 Managers R e s p o n s i b i l i t i e s  
Program 3anagement and Di rec t ion  
a Program Planning 
Program Coordinat ion and L i a i s o n  wi th  Kollsman, 
MIT/IL and AC. 
Program Reviews 
Program Contro l  
Negot ia t ions  and Proposals  
Spec i a l  A c t i v i t i e s  
The r e s p o n s i b i l i t i e s  and a c t i v i t i e s  of the o t h e r  d i s c i p l i n e s  
inc lude:  Engineering,  R e l i a b i l i t y ,  Q u a l i t y  Contro l  (Product 
Assurance) ,  Documentation and F ie ld  Operations. They a r e  d e t e f l e d  in 
&ronolog ica l  o r d e r  i n  la ter  s e c t i o n s  o f  V o l u m e  I1 of t h i s  f i n a l  
r e p o r t ,  
2.4 FACILITIES 
2 , 4 , 1  Syosse t  F a c i l i t i e s  
The modern p l a n t  a t  Syossa t  was p r imar i l y  devoted to  t h e  
manufacture and assembly of i n s t  rumentation f o r  complex space  pro- 
grams, missiles, and e l e c t r o n i c s  system p r i o r  to the Apollo program. 
These f a c i l i t i e s  provided a d m i n i s t r a t i v e  and engineer ing  
o f f i c e s ,  l a b o r a t o r i e s  and oomplete manuf s c t u r i n g  ope ra t i ons .   he 
f a c i l i t i e s  were f u r t h e r  supported by environmental '  test i n s  t a l l  a- 
t i o m ,  experimental  l a b o r a t o r i e s ,  tool manufacturing,  product ion 
c o n t r o l ,  i n spec t ion ,  q u a l i t y  c o n t r o l  and product  assurance ,  pur- 
chas ing  and personnel  a c t i v i t i e s .  
When t h e  Apollo program began, Kollsman management allocated 
and spen t  an a d d i t i o n a l  1.5 m i l l i o n  d o l l a r 6  t o  add special Apollo 
equipment and f a c i l i t i e s  to  t h i s  complex. Th i s  r e s u l t e d  i n  a 
syos set f a c i l i t y  t h a t  was mmple t e ly  "space o r i e n t e d H  and equipped 
from high l e v e l  C l a s s  I11 c l e a n  rooms to  s p e c i a l  B e r y l l i u m  model 
shops. Table 2-1 d e t a i l s  the K I  f a c i l i t i e s  used on Apollo. 
SUMMARY 
.- 
AS shown, ~ p o l i o  management had provided t h e  f i n e s t  f a c i l i t i e s  
and c a p a b i l i t y  f o r  the execut ion  of t h e '  Apollo Program. These 
f a c i l i t i e s  were available throughout t h e  course  of t h e  program. 
Figure  2-5 High l igh t s  one o f  t h e  .c lean  room areas .  
KOLLSMAN IriST9UMENT CORPORATION 
TABLE 2-1 
K I  FACILITIES UTILIZED ON APOLLO 
P rec i s ion  Beryll ium Machine Shop 
6 - Surface Grinders  
6 - P r e c i s i o n  Lathes 
5 - M i l l i n g  Machines 
3 - D r i l l  Presses 
2 - J i g  Borers 
1 - Band Saw 
P r e c i s i o n  Measurement Equipment 
Approved Beryll ium Vacuum F a c i l i t i e s  
L 
Class  100,000 Clean Room 
I Opto/Mechanical Assembly Area 
Laminar Flow Benches 
O p t i c a l  Alignment Stands 
P r e c i s i a n  Welding Stands  
P o t t i n g ,  Cleaning and Piece Marking Area 
I U l t r a s o n i c  Cleaning Equipment \ Vacuum Ovens 1 I Kollsman Labora to r i e s  
Metrology Laboratory 
Coorindate  Measuring Machf ne 
Stereo ~icroskope 
Spectrora6!.oriaeter 
Environmental T e s t  Laboratory I 
Dual Thermal Vacuum Chaiiber 
Solar Simula tor  
S ine/Randorn Vibra t ion  E x c i t e r  
Shock Machines 
Miscellaneous T e s t  EQuipment 
Engineering and Admin is t ra t ive  fac i l i t i es  here rear ranged to 
meet new Apbllo o r g a n i z a t i o n a l  concepts  as wet11 as meet AC Resident 
requirements.  I 
ryg' 
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2 .5  MANPOWER I 
The longev i ty  of i n d i v i d u a l  personnel  assignments had been a 
most impor tant  f a c t o r  i n  t h e  success  of  t h i s  program. The ma jo r i t y  
of people ass igned  t o  Apollo p r i o r  t o  novation remained throughout  
I t h e  program, t h u s  ensu r ing  c o n t i n u i t y  of suppor t  bo th  to  Kollsman 
I 
I and AC i n  t h e  s u b c o n t r a c t  r e l a t i o n s h i p .  
I 2.5.1 MIT Resident  Suppor t  
 able 2-2 d e t a i l s  t he  t e n u r e  of t h e  MIT Resident Support.  
I It is t o  be noted  t h a t  968 of t h e  personnel  ass igned to  MIT re- 
mained i n  r e s idence  u n t i l  completion of assignments. 
Figure 2-6 summarizes t h e  t o t a l  MIT Resident coverage from 
1 9 6 2  through 1966 when planned reduc t ions  were made. A dotted 
l i n e  i n d i c a t e s  t h e  t i m e  o f  novation.  
A n t i c i p a t i n g  broad scope of ass is t ance  t h a t  t h e e e  personnel  
would provide,  Kollsman Apollo management assigned o n l y  experienced 
and w e l l  t r a i n e d  personnel  i n  t h e  d i s c i p l i n e s  requi red .  The 
average yea r s  oL: exper ience  of t h i s  ass igned perso~nnel  was i n  ex- 
cess of 15 years. The engineer ing  mesh t h a t  was achieved betweer 
t h e  MIT des ign group and Ko l lman  i n t e r n a l  engineelring was oy' .m 
and allowed e x p e d i t i o u s  a c t i o n  i n  many a r e a s  even b e f o r e  des ign  
was s o l i d i f i e d .  The de ta i l  a c t i v i t y  o f  t h i s  group is d i scussed  
under Engineering i n  V o l u m e  I1 and is  testimony t o  t h e i r  e f f e c t i v e -  
ness.  
I 2.5.2 -, Field Assignments 
Table 2-3' detai ls  t h e  t e n u r e  of the F i e l d  personnel  st a l l  
sit,es. Here aga in ,  t h e  c o n t i n u i t y  of personnel  can be noted wi th  
no tu rnover  i n  personnel  a t  any site. 
I I Figure  2-7 suminarizes the t o t a l  f i e l d  a c t i v i t y  from 1964 through 1969. 
F igure  2-8 shows t h e  geographica l  l o c a t i o n  of  the f i e l d  per- 
I sonnel  a t  t h e  var ious  sites: N U ,  MSC, KSC, GAEC and AC. 
Here aga in  as i n  t h e  MIT suppor t ,  Apollo management n o t  on ly  
supp l i ed  h igh ly  q u a l i f i e d  personnel ,  b u t  made t h e  assignments  and 
r e l o c a t i o n s  on a t imely  basis with  no impact t o  mirssion G & hl 
o b j e c t i v e s  The details  of a c t i v i t y  of t h i s  group i s  discussed  
under F ie ld  Opera t ions  i n  V o l u m e  I1 and demonstrates t h e  s u p e r i o r  
performance t h a t  they  . c o n s i s t e n t l y  tendered  urrder very  demanding 
condi t ions .  Round t h e  clock suppor t  ope ra t i ons  were n o t  unoommon 
du r ing  t h e  compressec' s t a g e s  prior to  the  first Apollo f l i g h t .  
The award by NASA of membership i n  t h e  "Snoopy" C l i l b  t o  t h e  I 
Kollsman, North American F i e l d  Site eng ineer  was an award no t  on ly  YIS ' I  I 
to t h e  i n d i v i d u a l  but t o  t h e  e n t i r e  Kollsman f i e l d  suppor t  effort.  1 
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TABLE 2-2 
MIT RESIDENT SUPPORT 
Tenure from 6/62 - 6/66: 
Total number of personnel  ass igned:  26 
Period of  assignment: 
Longer t h a n  3 y e a r s  1 2  
Longer t h a n  2 y e a r s  1 9  
Longer t h a n  1 y e a r  24 
L e s s  than  1 y e a r  (Shor t  Term 
Assignments) 6 
Q u a l i f i e d  personnel  for  short and long terms c e n s i s t e n t l y  
ass igned  upon MIT/IL and A.C. E l e c t r o n i c 8  reques t .  
96% o f  t h e  pe rsonne l  a t  MIT s i n c e  novat ion  remained i n  
r e s idence  u n t i l  completion o f  assignments. 
Average y e a r s  a t  K I :  8 * 9  
Average years of experience:  1 5 . 4  
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TABLE 2-3 
FIELD OPERATIONS MANPOWER 
Total number of personnel assigned: 19 
Period of Ass ignment : 
Longer than 2 years 
Longer than 1 year 
Less than 1 year 
N o  turnover i n  personnel at any S i t e .  
Qualif ied personnel were always avai lable  for F ie ld  S i t e  
assignment upon the request of A.  C .  Electronic8 . 
Average years a t  K I :  3 . 5  
~ v e r a g e  years of experience 1 4  
! 
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I 2.5.3 I n-louse Enqineerinq 
AS part o f  Apollo management's d e d i c a t i o n  t o  t h e  success  o f  
  pol lo, e e n i o r  engineer. wi th  out. tanding capabilitier, i n  optics,  
mechanical  engineer ing ,  test  equipment des ign  and f a b r i c a t i o n  and 
product ion  engineer ing  were ass igned t o  Apollo on a f u l l - t i m e  
bash.  T h i n  imprers ive  a r r a y  of t a l e n t  waa amaigned e a r l y  i n  t h e  
program and remained u i t h  p r a c t i c a l l y  no turn-over tor  t h e  e n t i r e  
pe r iod  t ha t  t h e i r  uervicea  were requi red .  I n  a d d i t i o n ,  A p l l o  
management made a v a i l a b l e ,  when r equ i r ed ,  s p e c i a l i o  t a  i n  r t r u c -  
t u r a l  and thermal eva lua t ion ,  electrical engineer ing ,  canponent 
eng ineer ing  and chemistry.  
I 2.5.4 Manufacturinq 
Kol lsman management, recognizing that s k i l l e d  optical/ 
mechan ica l / e l ec t r i ca l  t e chn ic i ans  would be r equ i r ed  t o  a s a m b l e  
t h e  Apollo hardware under exac t ing  cond i t i ons ,  i n s t i t u t s d  an in -  
t e n s i v e  t r a i n i n g  program inc lud ing  1~351 "on t h e  job" (learner's 
model) and classroom i n s t r u c t i o n .  They a d d i t i o n a l l y  provided a 
h igh ly  s k i l l e d  t e c h n i c a l  lead man f o r  each assembly group t o  
monitor  and  a r s i a t  i n  special problem areraei. Management's a e r -  4 
v i c e s  i n  t h i s  area is h igh l igh ted  by t h e  f a c t  t h a t  i n  a recorded 
pe r iod  of 4,193 OUA ope ra t i ng  hours ,  t h e m  weru no s i g n i f i c a n t  
f a i l u r e s .  I n  a d d i t i o n ,  performance of  t h e  o p t i c a l  units i n  t h e  
f f  e ld  was a t  such a high l e v e l  of i n t e g r i t y  that  t h e  program 
requirements  f o r  spares suppor t  had been d r a s t i c a l l y  reduced f r o m  
what was envis ioned a s  normal l o g i s t i c s  suppor t  requirements  a t  
t h e  o u t a e t  of  a program o f  t h i s  scope. ! I SUMMARY 
Kollsman Apollo management did  succeed i n  supplying and 
a s s ign ing  h igh ly  q u a l i f i e d  personnel  t o  t h e  r e q u i r e d  d i s c i p l i n e s .  
They a d d i t i o n a l l y  succeeded i n  mot iva t ing  t h i s  personnel  to do 
their job p r o f e s s i o n a l l y  and exped i t i ous ly  w i t h i n  t h e  c o n s t r a i n t e  
of mainta in ing  high q u a l i t y  and minimizing m s t s .  
I Manpower load ing  on t h e  Apollo Program p re sen ted  a ~ p e c i a l  cha l lenge  t o  Apollo management. Plans were made t o  s t a f f  t he  program, commensurate w i t h  t h e  t i m e  phasing o f  t h e  va r ious  efforts of work. Accordingly, a pro)ected manpower curve  was established. 
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I Table 2-4 provides  t h e  a c t u a l  man-loading information based 
I 
I on  equ iva l en t  man hours  from 1964 through 1969. 
T h i 8  chart c l e a r l y  i n d i c a t e s  t h e  build-up o f  manpowar when 
many v a r i e d  a c t i v i t i e s  were a t  t'leir peak. 
I t  can be noted also t h a t  i n  t h e  i n t e r e s t s  o f  c o a t  r educ t ion ,  
  pol lo management e f f e c t e d  a large decrease i n  pereonnel dur ing  
1966. ( R e f .  n ex t  paragraph on  cost r educ t ion  p lan . )  A f u r t h e r  
l e v e l l i n g  o f f  occu r r ed  d u r i n g  1967 and e a r l y  1968 followed by a 
planned d e c l i n e  t o  t h e  end of t h e  c o n t r a c t .  I t  is i n t e r e s t i n g  t o  
note t h a t  a s l i g h t  i n c r e a s e  i n t e r r u p t e d  t h i s  d e c l i n e  i n  t h e  first 
q u a r t e r  of 1969. Th i8  was due t o  t h e  impact of designing and 
producing tho  rangef i n d s r  . 
Figure 2-9 i s  a manhour prof i le  which is inc luded t o  show the 
e f f e c t a  of a major c o a t  r educ t ion  p l a n  t h a t  Apollo managemant 
launched dur ing  1966. A 8  t h e  c h a r t  ahows, t h e  target hour8 f o r  
completion a t  t h a t  t i m e  was 2,461,372: whereas,  a f t e r  t h e  imple- 
menta t ion  o f  t h e  cost r educ t f an  p l a n ,  t h i s  target was reduced to  
2,236,000 hours  ., Upon completion of t h e  Apollo c o n t r a c t  in 
December 1969, t h e  target contract hours  were 2,321,000 and t h e  
a c t u a l  hours  expended were 2,177,100, a total  even lower t h a n  the 
cost r educ t ion  target p r o j e c t e d  i n  1966. Table 2-5 a m a  up t h i 8  
informat ion  i n  chart form, 
I SUMMARY -- 
T h e  f bnal r e s u l t s  of the Apollo c o n t r a c t  confirm t h a t  Apollo 
management handl ing  of manpower w a s  moat e f f e c t i v e .  Not on ly  was 
a h igb l  y e f f i c i e n t  and s k i l l e d  labor effort  developed and u t i l i z e d ,  
b u t  it was acmmplished w j  -bin the . c o n s t r a i n t s  of a r i g i d  cost 
reduc t ion  p lan .  
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LEGEND: 
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--- Actual Man/Month 
Plan Revised Quarterly 
Figure 2-9..  Manpower Manhour Profile 
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2.7 CONTRACT ACTIVITY 
w I 
2.7.1 P r i o r  t o  Novation 
I NASA-MSC (Manned S p a c e f l i g h t  r e n t e r )  and Kollsman e n t e r e d  
I 
i n t o  Letter Cont rac t  NAS 9-499 f o r  a 90 day per iod  on 28 May 1962. 
The t o t a l  letter c o n t r a c t  au thor ized  expendi tu re  a t  t h a t  t i m e  was 
$240,000.00. On 16 August 1962  Kollsman rece ived  Amendment N o .  1 
a u t h o r i z i n g  an a d d i t i o n a l  expendi tu re  of $85,000.00 and extending 
t h e  e x p i r a t i o n  date o f  t h e  c o n t r a c t  t o  30 September 1962. Amend- 
I ment NO. 2 f u r t h e r  inc reased  t h e  au tho r i zed  funding l i m i t a t i o n  and 
extending t h e  t u r n  of  t h e  le t ter  c o n t r a c t .  
The fo l lowing is  an account of some of  t h e  c o n t r a c t u a l  a c t i v i t y  
t h a t  p r e v a i l e d  from the o r i g i n a l  NASA c o n t r a c t  NAS 9-499 through 
t h e  completion o f  the Apollo e f f o r t  under t h e  K I  subcont rac t  to  
AC SAS 9-497. 
The master schedule  f o r  t h e  major areas of e f f o r t  aze shown 
i n  Figure  2-10. A s  e f f o r t  w a s  au thor ized  by Technical  Directives 
(TD), hour8 were assigned from t h e  a p p l i c a b l e  t a s k .  Tho p ro j ec t ed  
d u r a t i o n  of  e f f o r t  w a s  shown by t h e  bar on t h e  f i g u r e .  
The f u l l y  executed d e f i n i t i v e  c o n t r a c t  NAS 9-499 was delivered 
to Ilollsman by NASA/MSC on October 23,  1963. The f u l l y  executed 
copies o f  Amendments 18  and 1 9 ,  i n c r e a s i n g  t h e  funding l i m i t a t i o n ,  
were rece ived  i n  December. 
A r e f e r e n c e  l i e t i n g  of a c t i v e  Technica l  D i r ec t ives  (TD's) a t  
t h i ~  t i m e  is  provided i n  Table 2-6. Table  2-7 lists the overscope 
T D ' s ,  
During the e a r l y  phase of t h e  NASA/KI m n t r a c t ,  t h e  fo l lowing 
major  even t s  also took p laze .  
A r e v i s e d  proposed (KT B i d  No. S/HUM 7-300113A) far t h e  LM 
Concept Design P r o g r . ~  was submit ted.  The proposal  reques ted  
a u t h o r i z a t i o n  t o  continue t h e  program f o r  two a d d i t i o n a l  months 
and sought  coverage f o r  t h e  a d d i t i o n a l  c o s t s  associated wi th  the 
e f f o r t  e x t e ~ s i o n .  Addi t iona l  r e s i d e n t  e f f o r t  a t  MIT f o r  t h e  t w o  
-nth pe r iod  was not  inc luded i n  the reproposal .  Negotation of t h e  
p roposa l  f o r  t h e  t o t a l  e f f o r t  was performed i n  the month o f  
December 1963. 
On t h e  basis of a d d i t i o n a l  informat ion  rece ived  from NASA/MZjC 
r e l a t i v e  t o  the  Field Operations Statement  of Work, a r e v i s e d  
proposal  ( K I  B i d  N.o. S/HUM 6-3-0112A) f o r  t h e  CM F i e l d  Opera t ions  
e f f o r t  was submit ted  dur ing  t h i s  q u a r t e r .  The i n i t i a l  phases of 
the NASWKI n e g o t i a t i o n  o f  t h i s  proposal was begun. 
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Figure 22-10. Master Schedule Ap~llo Program Phasing of 
Major Tasks 
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T i t l e  
P r o j e c t  Of f i ce  
External  Engineering E f f o r t  
PERT 
MIT Design and Draf t ing  
Design and Fabr ica t ion  F.T.E. 
Vendor R e l i a b i l i t y  
I n t e r n a l  Engineering 
~ n g i n e e r i n g  Support  t o  B.B. 
~ a n u f  r c t u r i n g  Planning 
  read board Manufacture 
Design Model E f f o r t  
Documentation A d m i n i  s t ra t ion 
Program Progress  R e p o r t s  
R e l i a b i l i t y  Analysis  
M l i a b i l i t y  T e s t  Equipment and Planning 
R e l i a b i l i t y  Tra in ing  
I n t e r f a c e  Purch. Proc. and M t l .  8p.c. 
Display and Control  
Map and Data V i e w e r  
Moore Tablos (GSE) 
R e l i a b i l i t y  Tes t  Program 
Non-Visual Eyepiece 
Shipping Container Design 
Opt ic  Subayetern Mfr. (Block I) 
Computer rnppor t  to  Resf den t  E f f c r t  
MDV Breadboard Manufacture 
MDV Manufacture Block I 
Opt ics  Design Analyri8 
Analy t ica l  Support  (Thrust  V e c t o r  
Control) 
Design and Fabr ica t ion  o f  MDV (GSE and 
Addit ional  Tea ter 
Factory T e s t  Plan 
mermal Analyais AGE Z 
AGE 2 Mechanical I n t e g r i t y  Tes t  
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'SABLE 2-6 (Cont'd) I 
ACTIVE TD'S I 
TD Number T i t l e  
-
S t r e s s  Analysis AGE 2 
Op t i ca l  Subsystem Mock-up 
Training Program 
F/O Management 
F/O Material and Spares Integration 
F/O Resident E f f o r t  
F/O Procurement S p e c i f i c a t i o n  
F/O Maintenance Analyais Support 
F/O Spec ia l  T e s t  Equipment 
Procure 5n auto collimator^ 
Design GSE ( inc lud ing  addendum) 
F a i l u r e  Reptg, System 
Spares Procurement 
AGE 1 and 2 MDV Mechanical In tegr i ty  
and Thermal Analysis  
Optics Navigation Base Assembly 
Shipping Conta iner  
Assembly o f  Optical  Subsystems 1,2,3 
AGE 1 Opt ica l  Subsystem Ther ia l /  
Vacuum Teste 
Breadboard P a r t s  Fabr ica t ion  - Optice 
Procurement of  Op t i ca l  GSE 
Design and Fabr i ca t e  AGE Pos t  I n s t a l -  
l a t ion  Op t i ca l  GSE 
MDV Simulator  Fabr ica t ion  
Fabr ica te  S Op t i ca l  Subsystems 5 MDV 
Fabr ica te  4 Short R e t  .Periscope (GSE) 
Fabr ica te  5 Align, Mirrors (GSE) 
Fabr ica te  2 F m c t  i o n a l  'Pestecs (GSE) 
Fabr ica te  Addit ional  2-1/2" Autocol- , 
l d m a t o r s  . 
Design and Procure Optical Wedges 
Maintenance and Repair Manu? 1s 
Mech. of Resolver D i g i t i z e r  
MIT Resident Engineer 
Thermal Analysis f o r  AGE 1 MDV 
Fabr ica te  Long Eye Rel ie f  Eyepiece 
Breadboard P a r t s  Fab.  - Optics 
Evaluation o f  Op t i ca l  Holding Stands 
P r o m r e  4 O,S,S, Shipylng Containers  
Dop1oymer:t o f  F i e l d  Tes t  md Opera- 
tional Eersonnel 
6 
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TABLE 2-6 (Cont'd) 
ACTIVE TD'S 
TD Number T i t l e  
-
Resident E f f o r t  
Design and Procure Thsodolitier 
Design and Procure 1-1/2" Autocol- 
limators 
Design and Procure Autocollimator 
Mounting Plates 
Design and Procure Ad jua tab le  Mirzora 
Motion P i c t u r e  Progreas Report 
F/O Tra in ing  Extension 
SCD' s  
Resident E f f o r t  
I n t e r n a l  Engineering 
Project Management 
~ocumen ta t ion  
Design Analysis 
TABLE 2-7 
OVERSCOPE TD ' S 
TD Number T i t l e  
-
80 P a r t  Qua l i f i cak ion  T e s t  Program 
111 MDV Condition Light: Asoetnbly 
115 Resolver D i g i t i z e r  
1L LEM Resident E f f o r t  Extension 
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Kollsman p u t  i n t o  e f f e c t  t h e  measures necessa ry  f o r  corn- 
p l i a n c e  w i t h  t h e  Con t rac t  i n g  O f f i c e r  's d i r e c t i v e  t o  f r e e z e  man- 
power l e v e l s  and suspend replacement  a c t i o n  f o r  normal a t t r i t i o n  
of  Apol lo  Program p e r s o n n e l .  I t  was Kol lsmanvs under s t and ing  
t h a t  t h i s  d i r e c t i v e  would remain i n  force u n t i l  f u r t h e r  a c t i o n  
w a s  t a k e n  by NASA as a r e s u l t  of t h e i r  assessment  of  planned em- 
ployment l e v e l s  i n  r e l a t i o n  t o  t h e  Fiscal Year 1964 budget .  
D e f i n i t i v e  c o n t r a c t  NAS 9-3632 fo r  t h e  i n i t i a l  LM e f f o r t  was 
r e c e i v e d  by Kollsman d u r i n g  t h e  month o f  August f o r  review and 
I execu t ion .  During t h e  month o f  September, p r o p e r l y  executed  docu- 
ments were exchanged between Kollsman and NASA/MSC and t h e r e  e x i s t e d  
a f u l l y  executed  d e f i n i t i v e  c o n t r a c t  c o v e r i n g  a p e r i o d  of  perfonn- 
ance ending December 31, 1964. 
Kollsman unders tood t h a t  t h e  c o n t i n u a t i o n  of LM e f f o r t  sub- 
s e q u e n t  t o  December 31, 1964 would be accomplished under  an AC 
E l e c t r o n i c s  s u b c o n t r a c t  i s s u e d  a t  t h e  d i r e c t i o n  o f  N A S ~ M S C .  K I v  s 
p r o p o s a l  f o r  t h i s  phase  of t h e  LM e f f o r t  was forwarded t o  ACSP. 
Prior t o  t h e  t e r m i n a t i o n  o f  t h i s  NASA/KI o o n t r a c t  NAS 9-499, 
KI w a s  w i t h i n  i t s  planned e x p e n d i t u r e  and expec ted  t o  m a i n t a i n  t h e  
same p o s t u r e  f o r  t h e  d u r a t i o n  of t h e  Apol lo  Command Module and LM 
program. 
I 2.7.2 Novation 
Pursuan t  t o  t h e  NASA g o a l  for accomplishment o f  c o n t r a c t  re- 
al ignment  f o r  c o n t i n u a t i o n  o f  t h e  Apol lo  C/M G 6 N Program, a l l  
r e q u i r e d  documents for  t h i s  a c t i o n  were executed by r e s p o n s i b l e  
r e p r e s e n t a t i v e s  of  NASA/MSC, AC E l e c t r o n i c s  D i v i s i o n  of Genera l  
Motors and Kollsman Ins t rument  Corpora t ion .  These documents i n -  
c luded  t h e  NASA t e r m i n a t i o n  n o t i c e  a g a i n s t  C o n t r a c t  N A S  9-499 and 
t h e  s u b c o n t r a c t  w i t h  ACSP (FNP 12776) p r o v i d i n g  f o r  t h e  w n t i n u -  
a t i o n  of  a l l  a u t h o r i z e d  program e f f o r t .  The e f f e c t i v i t y  of t h e ~ e  
documents w a s  t o  be 1 2 : 0 1  AM July 25, 1964. 
E f f e c t i v e  J u l y  25 ,  1964 C o n t r a c t  NAS 9-499 w i t h  NASA was 
t e r m i n a t e d  and Subcon t rac t  FNP 12776 w a s  n e g o t i a t e d  w i t h  t h e  AC 
E l e c t r o n i c s  D i v i s i o n  o f  General  Motors Corpora t ion  for t h e  con- 
t i n u a t i o n  of a l l  a u t h o r i z e d  program e f f o r t .  
Purchase  Order  a l t e r a t i o n  N o .  1 t o  ACSP s u b c o n t r a c t  FNP 12776 
provided  f o r  a c o n t i n u a t i o n  and complet ion of a l l  t h e  T D ' s  t h a t  
were s t a r t e d  and a u t h o r i z e d  by NAS 9-499 c o n t r a c t .  See Table 2-8. 
Purchass  Order a l t e r a t i o n  No. 2 t o  X S P  s u b c o n t r a c t  FNP 12776 
provided t h e  c o n t r a c t u a l  coverage  f o r  a l l  G-.+rscope t a s k s  (remain- 
ing t o  be completed as o f  J u l y  25, 1964) p r e v i o u s l y  a u t h o r i z e d  by 
SASA/MSC, b u t  nst i n c o r p o r a t e d  by amendement i n t o  C o n t r a c t  NAS 9-499. 
See Table 2 0 8 ~ ~  
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TABLE 2-8 (Sh. 4 of 6) 
TECHNICAL DIRECTIVE  OURS PLNWEDieXPENDED 
RSP - 12776 POA I 2  
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During t h e  l a t t e r  p a r t  of 1964 ,  t h e  fol lowing major event8 
took place:  
Supplemental Agxeement No. 3 t o  NAS 9-2632, provided 
a d d i t i o n a l  funding aga ins t  the i n i t i a l  LM e f f o r t  on 
t h i s  prirce c o n t r a c t ,  w a s  f u l l y  executed by Kollsman 
and NASA/MSC. The balance of the a v a i l a b l e  funding 
under t h e  c o n t r a c t  was procesmed a t  NASA f o r  e a r l y  
r e l e a a e  to  K I .  
Addit ional  funding was provide& by AC E lec t ron ic s  to 
oover K I  expendi tures  for the LM follow-on e f f o r t  
through the executed per iod of con t rac t  execution, 
~t w a s  understood that  the d e f i n i t i v e  c o n t r a c t  pro- 
vided a d d i t i o n a l  funding f or f u t u r e  c o s t  accruals  , 
I 
"Stop Workv i n s t r u c t i o n n  w a s  received as preparatory 
actions toward d e l e t i o n  fran the con t rac t  of  t h e  MDV 
and OLPD u n i t s  p lus  f o u r  u n i t s  each of Block 1-100 
and Block 11 OUA's  and t w o  ADT'a. Kollsman quota- 
t i o n ~  on  t h e  impact of t h e r e  actions ware e i t h e r  i n  
process or submitted,  
Negotations cont~.nuad i n  progrers with AC Elec t ron ic r  
toward making d e f i n i t i v e  a subcontract  for t h e  per- 
formance o f  LM effort through 31 December 1969. 
Completely executed =pie8 of t h e  NASA facilitier 
a c q u i s i t i o n  c o n t r a c t ,  NAS 9-3231 (F ) ,  and uae 
c o n t r a c t ,  NAS 9-3230 (F), were received by Xollanun, 
Within def ined  dollar l i m i t a t i o n 8  , Kollsman waa 
author ized t o  proceed wi th  i m p e c t i o n  and/or repair 
of GFP when re turned  t o  Kollsman for such purpose. 
A s e p a r a t e  c o n t r a c t  amendment w a s  not required tor 
t h i s  actf v i  t y  
. .  
2,7,3 A f t e r  Novation 
An e x c e l l e n t  c o n t r a c t  r e l a t i o n s h i p  w a 8  maintained throughout 
the balance of the Apollo oont rac t  w i t h  ACED. The r e spec t ive  
c o n t r a c t s  adminis t ra t ion  personnel axerc i sed  and displayed keen 
i n s i g h t  t o w a r d  t h e  recogni t ion  and r e s o l u t i o n  of mutual administra- 
t i o n  problem8 . . The. e x c e l l e n t  r e l a t i o ~ h i p  evolved from day t o  day 
, con tac t s  and t imely  exchange between t h i s  peraonnel. S a w  high- 
- l igh t s  of t h e  s i g n i f i c a n t  achievementn are listed belaw: 
The a d v a n c i  i-ice and e f f o r t *  taraxd r e s o l u t i o n  
of IR & D and srle-lease back p r w i s i o n a  o f  t h e  
basic c o n t r a c t  negot ia t ion ,  
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a OUA and AOT d e l i v e r y  i n c e n t i v e  schedu le  problems 
exped i t i ous ly  r e so lved  as thny related t o  the 
schedu le  s t r e t c h - o u t  change wder. 
a X I  i n i t i a t i v e  i n  formula t ing  a basis for  negot ia-  
t i o n  of t h e  seoone increment f e e  schedule .  
a Cooperation and a c t i o n  i n  t h e  establJ .e :~ment  of 
funding formulas  and t h e  t iming  o f  r e q u e s t  
rf3 leases 
T h e  ba lance  of t h i s  report d e a l i n g  wi th  c o n t r o l  a c t i v i t y  i s  
o u t l i n e d  i n  chrono log ica l  order s t a r t i n g  w i t h  the f i r s t  q v a r t e r  
of 1965 and w i l l  p rov ide  an historical record of t h e  a o n t r a c t s  
even t s  and a c t f  v i t i e s  . 
Kollsman q u o t a t i o n s  for  the  fo l lowing au thor ized  a c t i v i t i e s  
were submitted d u r i n g  t h i s  q u a r t e r :  
TD K-119A, TD K-l24A,  TD K-157; CRN K-87, CRN K-104, 
CI(N K-175; Pellicle Repair; A/B Spares Procurement; 
GSE Spares  Procurement; Block I and Block 11 Design 
Evaluat ion  Program. 
Kollsraan q u o t a t i o n s  f o r  t he  fo l lowing t a s k s ,  which were n o t  
yet au tho r i zed ,  were also submitted: 
Change Request Bropssals: T-4 and T-5 
Engineering Revision Proposals: K 3 ,  K-4 ,  K - 5 ,  K-6, K-7, K - 8  
Resolver Retrofit  and Material Report ing 
During the r e p o r t i n g  period, the  OUA and MDV AGE 17 ,  first 
u n i t e  for which d e l i v e r y  i n c e n t i v e  fee were allocated (under POA 
NO. 8 ) ,  were d ,e l ive red  on t i m e  and earned the f u l l  fee designated. 
I 2.7.3.2 2nd Q u a r t e r  - 1965 
During the second q u a r t e r  of 2965, AC E l e c t r o n i c s  released 
t h e  fo l lowing c o n t r a c t  a u t h o r i z a t i o n s  for K I  implementation of 
e f f o r t ,  
POA No. Descr ip t ion  
D e f i n i t i v e  Block I1 and LEM Cont rac t  
Funding 
Funding 
KOLLSMAN INSTRUMENT CORPORATION 
Change Order Descr ip t ion 
Maintenance of  t h e  CMR Manual 
OLPD Dele t ion 
Build S N  101 and 102  
Shipping Container  Mod 
Delete AOT 600 
Material Reports 
Redef in i t ion  of  Block 11 and LEM 
Mech. Gauge Requirements 
Qual. Program Redef in i t ion  
Delete AOT Breadboard 
A d d  one (1) Spare OUA 
Ten (10) System Dele t ions  
MDV Delet ion 
Turning Fork Change 
Qual ,  Program Redef in i t ion  
Spares 
Delete (1) AOT Tester 
(1) Trimming Module 
Approval of  Heaters (ERP K-41) 
OUA and GSE Acceptance Criteria 
Change Order coverage was expected s h o r t l y  t o  confirm mutual 
agreement r e l a t i v e  t o  d e l i v e r y  ex tens ion  a g a i n s t  Breadbosrds 1 and 
2 a d  AGE 121 .  I n  a d d i t i o n ,  f u l l  approval  to  proceed with t h e  
Design Evaluat ion program was expected momentarily, 
Negotiat ion of  a de l ive ry  ex tens ion  f o r  121 EP (GSE) by 
reason of Change Order 54  was a n t i c i p a t e d ,  An author ized reticle 
mount change t o  LEM breadboards n e c e s s i t a t e d  ar. adjustment i n  de- 
l i v e r y  schedule.  
During t h i s  r e p o r t i n g  period t h e  fol lowing u n i t s  were deliv- 
ered which earned the incen t ive  f e e t  OUA Learner Model, Breadboard 
E l e c t r o n i c s  N o .  1 and Breadboard E l e ~ t r o n i c s  No, 2. 
During t h i s  r epor t ing  per iod,  a t o t a l  of  e i g h t  f i rm proposals  
and twenty-six budgetary proposals  were i s sued  i n  response to  aCSP 
requirements,  
I NAS 9-2632 e f f o r t  was concluded a t  t h e  end of  t h i s  q u a r t e r ,  ~ d d i t i o n a l  funding was provided and o balance of t h e  funding re- quested w s s  i n  process.  The AOT Mechanical Gauge was shkpped , under t h i s  c o n t r a c t  dur ing  the month of June, I Negotiat ion of open Change Orders w a s  i n i t i a t e d  dur ing  t h e  month of  June. The *Delet ionw proposals  and more r e c e n t  Change Orders remained as open items f o r  which nego t i a t ions  w o ~ l d  be solicited a t  an e a r l y  date, 
/ 
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Funding requests for t h e  remainder of  June and t h e  nex t  
ca lendar  q u a r t e r  were open and requ i red  ACSP a c t i o n  on a p r i o r i t y  
b a s i s .  
! 2.7.3.3 3rd Q u a r t e r  - 1965 
During the t h i r d  q u a r t e r  of 1965, AC E l e c t r o n i c s  Divis ion  
( h e r e i n a f t e r  r e f e r r e d  t o  as AC) released t h e  fo l lowing c o n t r a c t  
a u t h o r i z a t i o n s  f o r  Kollsman impXementation of  e f f o r t :  
POA No. Descr ip t ion  
Negot ia t ion  of 22 Change Ordere 
Funding 
1 3  Negotiat ion o f  7 Change Orders 
1 4  Funding 
Chanqe Orders (CO s) Descr ip t ion  
Proceed w i t h  new SXT and SCT 
Housing 
Reduction of Microfilm requirements - 
Paragraph 6.3A of Exh ib i t  "DM 
from three to  two. 
AS r e f l e c t e d  by POA N o .  11 and POA No. 13, s i g n i f i c a n t  negot i-  
a t i o n  a c t i v i t y  was conducted w i t h  AC dur ing  t h i s  t h i r d  ca lendar  
q u a r t e r .  O f  t h e  change orders remaining t o  be hego t i a t ed ,  18 were 
scheduled f o r  n e g o t i a t i o n  dur ing  the first week of Octobet 1965. 
One of  t h e  agenda items dur ing  this n e g o t i a t i o n s  waa t h e  conclus ion  
of t h e  major program d e l e t i o n  proposal nego t i a t i ons .  
With the  completion of t h i s  forecasted n e g o t i a t i o n ,  t h e  on ly  
major n e g o t i a t i o n  items outs tand ing  were those associated w i t h  t h e  
Program Stretch-Out (CO N o .  66) and t h e  Design Evaluat ion aild Partcr Q u a l i f i c a t i o n  T e s t  Program cf forts (CO N o .  38) . It war expected 
t h a t ,  through the mutual endeavors of K I  and AC, t h e  fac t - f ind ing /  
n e g o t i a t i o n  crf proposals  curren ' t ly  be ing genera ted  or r e c e n t l y  sub- 
m i t t e d - a g a i n s t  ERP approvals  were concluded expedi t iouely .  Thus 
t h e  f u t u r e  backlog of n e g o t i a t i o n  effort  w a s  reduced considerably.  
~ l l  author ized  effort  by KI aga ins t ,  t h e  LEM prime c o n t r a c t  
with NASAIMSC (NAS 9-2632) was completed by t h e  end of t h e  second 
q u a r t e r  of 1965. Therefore, e f f ec t i ve  1 Ju ly  1965, a l l  LEM e f f o r t  
be ing  performed by K I  w a s  now under t h e  cognizance of AC Subcon- 
1 tract  FNP 12776. 
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2.7.3.4 4 th  Q u a r t e r  - 1965 
During t h e  f o u r t h  q u a r t e r  of 1965 AC E l e c t r o n i c s  relearred t h e  
I fo l lowing c o n t r a c t  au tho r i za t i on8  f o r  Kolleman implementation of 









Derc r ip t i on  
Funding 
Revision of PO# 1.3 
Descr ip t ion  
PRM 2437-002 
PRM 2437-008 
Dele t ion  of  Block I ( L O O )  
Tracker/Photometer 
Lmpact o f  CO 83 on GSE 
PRM 2437-009 and 2438-004 
PRM 2437-007 and 2438-002 
Approval o f  ERP K-38R3 
Addition of  ( 2 )  Theodol i te  and 
Support Aseamblies 
PRM 2437-008 and 2438-003 
GFP Autscol l imator  Use 
R e v i ~ a o n  of Tabla 11, Exh ib i t  D 
Approval of  ERP K-67 
Dele t ion  o f  Block 11 Tracker/ 
Photometer 
MIT Resident  Engineer 
Approval of  ERP K-52R2 
PRM 2437-010 
P re sen t  funding au tho r i za t i on  was s u f f i c i e n t  f o r  t h e  ,remainder 
of Calendar Year 1965. A funding f o r e c a s t  o f  a d d i t i o n a l  requ i re -  
ments f o r  the f i r t s ~ t  q u a r t e r  of 1966 w a s  forwarded to AC. 
~ l l  major program d e l e r i o n  proposals  were negot ia ted .  S i g n i f i -  
cant n e g o t i a t i o n  a c t i v i t y  wau conducted i n  October (16 Chanoa Gz- 
de r s )  and November ( e i g h t  Change Orders p l u s  t w o  POA9s a g a i n s t  mP 
14867 and one POA a g a i n s t  FNB 37075). W 
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2.7 .3.5 l a t  Quarter - 1966 
I During tho first quarter of 1966 AC Electronics released 
t h e  followinq contract authorizations for Kollsman implementation 
of effort. 
POA NO. 
Incoxoporates negotiation reeults 
Incorporates new DD 250 instruct- 
ions. Changes point of govern- 
ment acce~tnnce fog OUA and 
Retrofit Kits 
I 20 Funding I 
Provides final acceptance at KI 
for Block I1 Spare OUA. 
Change Orders (CO ' o)  Description 
Approval of ERP M-76 Design only 
Approval of design only of PTE for 
Vacuum Focus Adapter 
~uthorization to proceed with 
ERP K-76. KI to initiate drawing 
and specification change 
PRM 2437-11 and 2138-005 
Approval of ERP K-55R1 Resolver 
Triin Module . 
LEY Qualification Testing - 
Deletion of parts from AOT 
Qualification Test Plan 
Releases AOT's 606-610, AOTT and 
reactivates manual preparation, 
training and site activation. 
P M  2438-00" (1 counter). 
. . 
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Release of PRM 2438-008 (cancels 
5 items), 
Approval of ERP-K60R2 Purge Valve 
Adapter , 
Design Evaluation Repair Blanket 
Coverage, 
AOTT FAT Test. 
SOW Change - Deletion of Main- 
tainability Prediction. 
Addition of two Tripods, 
PN 1001653, 
Submittal coats for SN 2 repair 
authorization under K9-2194 in 
conjunction with ERP K-56 modi- 
fication, 
Approval of KD-2240 dated 
8 February 1966 (Repair of OUA 
SN 11), 
Authorization of spares on PRM 
2437-12 and 2438-9, 
Authorization of Beryllium Corro- 
sion protection - OUA and AOT 
cancels ERP K-110 and requests 
resubmittal of ERP K-109, 
FtIB no longer required for 202, 
203 and 204. Nameplate only to be 
provided, 
SOW Changes Block 11 and LEM GSE 
adds Pedestal Aseenrbl.y, Theodolite 
and Optics Cleaner Kit. 
~uthorization of LEM AOT Eyepiece 
Heaters, Themostat and Insulation 
Blankets . 
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PROPOSAL ACTIVITY. A summary of proposal activity during the 
initigl quarter of 1966 against FNP 12776 is as follows: 
Budgetary Firm 
-
January 2 3 
February 4 2 
March 2 5 
Totals 8 10 
2.7.3.6 2nd Quarter - 1966 
FUND; 4i. Present funding authorization was sufficient until 
April 1966, A funding forecast for the remainder of the second 
quarter of 1966 was submitted to AC upon completion of Monthly 
Financial Report NASA 533 forms, 
PROPOSALS NEGOTIATED. AJ!l major open proposals were negoti 
ated in March with the exception of Change Orders (CO's) 83, 94 
and 66, A total of 18 CO's were finalized at this negotiation, 
Change Qrder s (CO ' s ) Description 
Deletes Block I, 11 and LEM PERT 
Requirements, 
Deletes Field Operations secre- 
taries, 
125 A1 Change Order cancelled, i 
4 
126 Qualification of CCRD 4 :I 
r 
Deletes Project Office at MIT/IL, 
Deletes 40MM of XI Resident effort 
at AC, d 3 
Deletes and revises Documentation 
~equirements, Block I and XI. 
Cancels Tracker Photometer Parts 
Qualification, 
a 
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Chanqe Ordera ( C O ' s )  Desc r ip t i on  I 
Dele t ion  o f  F ie ld  Operationo re- 
quirements ,  
F ie ld  Operat ion8 Reqiiirerci~nt8 
MSC-Site, 
133 Repair of OUA 201A. I 
Thermocouple I n s t a l l a t i o n ,  OUA 
and AOT, 
135 Dele tea  (1) Weight and CG (LEM). 
Author izes  Noncanioming Material 
Addendum 
Thermal Analys is  of OUA wi th  
Ab la t i ve  Sh ie ld  
I 138 Retest of Block 11 Spare QUA I 
Spate Release PRM 2437-13 
Funding forecast3 were provided on a weekly basis for t h e  re- 
mainder of the second q u a r t e r  and the beginning o f  t h e  t h i r d  
q u a r t e r  t o  ensu re  s u f f i c i e n t  funding coverage. Cur ren t  Funding 
a u t h o r i z a t i o n  w a s  s u f f i c i e n t  u n t i l  t h e  end of the second q u a r t e r  
1966 and a d d i t i o n a l  funding of t h e  t h i r d  q u a r t e r  was to  be released 
on a bimonthly basis, 
PROPOSAL ACTIVITY 
A summary of proposal  a c t i v i t y  du r ing  t h e  second qrlarter of 
1966 a g a i n s t  FNP 12776 was as follows: 
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2.7. 3.7 3rd Quarter - 1966 
During the third quarter of 1966, AC Electronicr released the 
I following contract authorizations for Kollsman implementation of 
1 effort. 
22 Incorporates negotiation -emit8 
Additional funding and firat increment 
unallocated fee disposition. 
A total of 23 Basic Change Orders and 35 Change Order Amend- 
ments were issued during this period. A breakdown of these is as 
follows : 
OUA - 10 Repair - 3 
AOT - 19 PERT - 2 
Spares - 9 AC/MIT Resident - 3 
Qualification 
Test - 10 GSE - 2 
PROPOSALS NEGOTIATED 
During this period, negotiations were completed for Second 
Increment Incentives* In addition, a total of 15 Change Orders 
were negotiated with AC Electronics, including the major Statement 
of Work deletions and the gyepiece incorporation. 
PROPOSAL ACTIVITY 
A summary of proposal activity during the third quarter of 







September 7 12 
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2.7.3.8 4 t h  Quarter - 1966 
Thie period marked the end of calendar year 1966 and the end 
of the First Increment of Performance in June 1966, At thilcr point 
in time a formal Kollsman mmagement report was isaued to ACED which 
outlined the events and achievement8 of this period, (See Table 2-9). 
During the last quarter of 1966, AC Electronics released the 




Incorporates agreements on Second 
Increment Incentive Fee Allocation 
Provides for drop shipment of AOT 
Tester 1 2  from Moore Tool and increases 
funding 
A .total of 18 Basic Change Oxders and 10 Change Order Amend- 
menta were issued during this period', as listed in the following W 
breakdown, 
OUA 1 Eyepieces 1 
AOT 1 Repair 2 
Spares 13 GSE 2 
Qualification Test 1 Motors '7 
Proposals Negotiated - During this period a total of 24 Change 
Orders were negotiated with AC Electronics, includding the Solvere 
~ o t o s  Change, Block I1 Qualificatian Tests and deletions of MIT/IL 
residence and LEM Qualification Testing, 
PROPOSAL ACTIVITY - A suaraary of proposal activity during the 
last quarter of 1966 against FNR 12776 is as follows: 
I 
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C o s t  
D e l  i ve ry  
P e r f  ormancs 
Earned Fee 
B a s e  
cost 
Del ivery  
S u b t o t a l  
Pezformance A w a r d  
T A ~ L E  2-9 
FIRST INCREMENT STATUS 
Target 
Totals $3,010,540 
Pareen t  s f  
Amount Target C o s t  
$ 694,7,40 3.00 Percen t  
926,320 4.00 Percen t  
260,337 1.12 Percent  
8.12 Percen t  
Incur red  
Pe rcen t  of 
Tarqet Cor t 
3.0 Percen t  
4.0 Percen t  
2.0 Percen t  
4.0 Percen t  
Percen t  of  
Incur red  C o s t  
D 
3.20 Percen t  
4.26 Percen t  
1.20 Percen t  
8.66 Percen t  
2.20 Percen t  2.35 Percen t  
-
10.32 Percent  11.01 Percen t  
* Sub jec t  to f i n a l  cost 
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2.7.3.9 1st Q u a r t e r  - 1967 
During t h e  f i r e t  q u a r t e r  o f  1967, AC E l e c t r o n i c s  released 
t h e  fo l lowing  c o n t r a c t  a ~ t ~ h o r i z a t i o n s  for  Kollsman implementat ion 
o f  effort: 
POA 
- D e s c r i p t i o n  
I n c o r p o r a t e s  n e g o t a t i o n s  o f  September 
1966 
I n c o r p o r a t e s  new d e l i v e r y  and i n c e n t i v e  
dollars  f o r  O U A ' s  209, 210, 207, 211, 213 
and t h r e e  retrofits 
29 I n c o r p o r a t e s  n e g o t i a t i o n  o f  December 1966 
A to ta l  of 1 4  Basic Change Orders and 1 Change Order Amendment 
were i s s u e d  d u r i n g  t h i s  p e r i o d ,  listed as follows: 
OUA- 3 Repairs - 4 
Motors - 1 
S p a r e s  - 2 
PIIDPOSALS NEGOTIATED - During t h i s  period a to ta l  of 33 Change 
Orders (S2/16 and 1/30) were n e g o t i a t e d  w i t h  AC EZect ronice  sub- 
s e q u e n t  to  t h e  c u t o f f  date of l a s t  report. 
PROPOSAL ACTIVITY - A summary of proposal a c t i v i t y  d u r i n g  t h e  
first q u a r t e r  of 1967 a g a i n s t  FNP 12776 is  as,follows: 
Budqetary  Firm 
-
January  3 7 
February  
March 3 5 
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2.7.3.10 2nd Quarter - 1967 
During the second quarter of 1967, AC Electronics released the 





30 Confirms and definitizes CO (162, 163, 
168, 172, 177, 178 and 179 
31 Confirm and definitizes CO C165, 169, 
171A1, 176, 182A2 and 191 
A total of 18 Basic Change Orders and 6 Change Order Amend- 
ments were issued during this period, listed as follows: 
OUA - 7 Spares - 3 
AOT - i3 Motors - 1 
PROPOSALS N E ~ T I A T E D  - During this &eriod a total of 17 Change 
Orders (18 ~ p r i l  and 19 May) were negotiated with AC Electronics 
subsequent to the cutoff.date of the last report. 
PROPOSALS ACTIVITY- A summary of proposal activity during the 




April 13 3 1 
2 2 i 
June 
2.7.3.11 3rd Quarter - 1967 
1 During the four month period ending October 31,1967, AC i 
Electronics released the following contract authorizations for 
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FNP 12776 
PO A Desc r ip t i on  
30 Inco rpo ra t e s  n e g o t i a t i o n s  of  January 1967 
31  I n c o r p o t a t a ~  n e g o t i a t i o n s  of May 1967 
32 Incorpora te8  negot ia t ion .  of A p r i l  1967 
A d d i t i o n a l l y ,  a TWX letter of  i n t e n t  was r ece ived ,  funding 
Fiscal Year (FY)  1968 r e p a i r  under a new Subcont rac t  GNP 03700. 
I 
A to ta l  o f  ' 1 4  basic Change Orders and 7 Amendment8 t o  pre- 
v ious ly  ieaued Change Orders were rel.ea8ed by AC E lec t ron i c8  dur ing  
t h i s  period. T h i s  i n p u t  comprises: 
OUA - 9 I 
AOT - 9 I 
Repairs (GNP 03700) - 4 I 
PROPOSALS NEGOTIATED - During t h i 8  period. a to ta l  of 15 Changr 
Orders ware nego t i a t ed  w i t h  AC ( J u l y  18 ,  1967).  O f  t h i s  q u a n t i t y ,  
six were arsociated w i t h  non-"shopping-list" repair a u t h o r i z a t i o n s  
under t he  FY 1967 Repair  Contracc (FNP 64600). Fu r the r ,  t h e  k d p  
"shopping- l i s tw  f o r  t h e  FY 1968 Repair  Con t r ac t  w 8 nego t i a t ed  
dur ing  t h i s  same t i m e  i n t e r v a l .  Kollsman awaited AC conf i rmat ion  
of these n e g o t i a t i o n s  by a p p r o p r i a t e  c o n t r a c t  documents. 
PmPOSAL ACTIVITY - A summary of proposal a c t i v i t y  (GNP 03700 
and FNP 12776) as measured by t h e  number of submittals t o  AC was 
as followlr: 




Subto t a1 
.FYn67 Total 
Budqet ary Fim 
-
to Date. 27 51 
Approximately t e n  a d d i t i o n a l  change-in-scope items were pres- I I 
e n t l y  in-house awai t ing  completion of propenal  packages by Program 
I Adminis t ra t ion.  
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2.7.3.12 4 t h  Q u a r t e r  1967 t h r u  December 1969 
~ u c h  of c o n t r a c t ' .  a c t i v i t y  d u r i n g  1a.t q u a r t e r  o f  1967, 1968 
and 1969 concerned  i t i s e l f  w i t h  t h e  proce88ing  of change order. and 
I d i r e c t i v e s  r e l a t e d  t o  retrofi t  a c t i v i t y  a t  Kollaman and i n  t h o  
f i e l d .  A d d i t i o n a l l y ,  much a c t i v i t y  c e n t e r e d  around t h e  implementa- 
t i o n  o f  t h e  Sunahade f o r  t h e  AOT' and t h e  Rangef inder .  The d e t a i l r  
o f  t h e a e  effort. are d e f i n e d  under  Engineer ing .  
Change Orde r r  r e l e a s e d  d u r i n g  t h e  l a s t  q u a r t e r  o f  1967 were: 
224 - AOT Conica l  Sunshade 
231  - Eyepiece  F lammabi l i ty  
232 - AOT Flammabi l i ty  
222 - SXT A i r  Focusing Spaces  
Change Orde r s  r e l e a s e d  d u r i n g  1968 werc: 




26 7 2 75 
26 8 276 
269 . 277 
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SUMMARY 
I 
T h i r  pe r iod  marked t h e  end of t h e  NAS 9-497 Apollo Cont rac t  
I and a1.o the end of t h e  recond increment of performance J u l y  1966 t h r u  Dammbsr 1969. 
Perhap8 t h e  b e a t  as8essment of Kol lsaun ' r  performance dur ing  
t h i r  pe r iod  can  be taken from a p e r i o d i c  Performance Evaluat ion  
i s r u e d  by ACED f o r  t h e  per iod  March 1, 1968 through Auguet 31, 1968. 
I I t  read8 a8 fol lowat  
" ~ h s  o v e r a l l  Kollsman performance f o r  t h i s  period is 
asesrred as above average. Th i r  r a t i n g  is given i n  recogni-  
t i o n  of t h e  f i n e  job which Kollsman has done i n  o v e r a l l  c o n t r o l  
and management of t h e  o p t i c a l  subsystem effort.  Program 
v i s i b i l i t y  has  been maintained and t h e  c o s t s  c o n t r o l l e d  i n  a 
manner q u i t e  accep tab le  t o  ACED. Koll8man crhould be compli- 
mented f o r  t h e i r  r ap id  and compreheneive reeponre t o  NASAe8 
I r e q u e s t  for cost e l imina t ion  dur ing  Fiscal Year 1969." 
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2.8  MANAGEMENT CONTROLS 
M U C ~  o f  t h e  source  f o r  t h e  e f f e c t i v e  execut ion  of t h e  Apollo 
c o n t r a c t  was due t o  t h e  c o n t r o l s  t h a t  Apo1l.o management implamenhad 
and employed. A s  shown, e a r l i e r  i n  t h i r  r e p o r t  under manpower and 
f i nances  much c o n t r o l  w a s  exerc i sed  to  enaure  a " f i n g e r  on t h e  
pu l aen  pos tu re  i n  these areas .  As clubrequently demonrtrated,  t h i s  
c o n t r o l  was most e f f e c t i v e  i n  achieving t h e  $1,200,000 underrun. 
I n  a d d i t i o n  t o  t h e s e  c o n t r o l s ,  however t h e r e  were rchedule and 
q u a l i t y   control^ which cl08ed t h e  c o n t r o l  loop by enourfng n e t  on ly  
c o a t  c o n t r o l 8  b u t  a l s o  t imely d e l i v e r i e s  o f  hardware o f  a high 
q u a l i t y  l e v e l  c o n s i s t e n t  w i t h  t h e  "0" d e f e c t s  goa l  of NASA. 
2 .8 .1  PERT 
-
From t h e  i ncep t ion  of t h e  Apollo c o n t r a c t ,  it was ev iden t  t h a t  
a r e p o r t i n g  system was requixed by management i n  o r d e r  t o  c o n t r o l  
t h i s  fast-moving p r o j e c t  s o  t h a t  e f f e c t i v e  and t imely  d e c t r i o n r  
could be made. Upon r e c e i p t  of t h e  c o n t r a c t  award t h e r e f o r e ,  Apollo 
management immediately p u t  i n t o  e f f e c t  a d e t a i l e d  PERT network on 
t h e  Apollo Camand Module, LM Alignment O p t i c a l  Telescope, Map and 
Data V i e w e r ,  and Ground Support Equipment. 
An in-house PERT team was e s t a b l i s h e d  a t  Kollaman to  develop 
and maintain PERT networks i n  accordance t o  t h e  requirement. of 
NASA/PERT handbook NPC-101. The PERT Group was r e spons ib l e  for en- 
s u r i n g  t h a t  t h e  r e p o r t i n g  of schedules  of t h e  Op t i ca l  Unit  Assembly 
(OuA) ,  Map and Data V i e w e r  (MDV), Optical  Alignment !telescope (OAT) 
and Ground Support  Equipment (GSE). 
Master charts and i n d i v i d u a l  networks were developed f o r  a l l  
of ~ol l rnman's  e f f o r t  on Apollo. I r ~ d i v i d u a l  networks on Qua l i ty  
Cont ro l ,  and on ~ocwnen ta t i on ,  were prepared and incorpora ted  i n  
t h e  o v e r a l l  network. A summary network f o r  t h e  Map and Visual  D i s -  
p l a y  Unit w a s  completed and times added. 
Effort  was app l i ed  t o  t h e  development of a r e v i s e d  PERT program 
f o r  t h e  IPIM 1401 .  
PERT runs  have h igh l igh t ed  problem a r e a s ,  i n  both t h e  network8 
and i n  informaL.3n handling.  Revisions and improvements i n  t h e  
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networks and i n  ou r  p r o ~ e d u r e a  reduced c r i t i c a l  pa th  times. 
Factory  t e a t  equipment event8 were on t h e  t w o  cr i t ical  paths .  
The maater c h a r t 8  and rummary chart requ i red  r ev i s ion8  a r  a 
r e s u l t  of t h e s e  modi f ica t ionr .  
A a e r i e s  of  small networks cover ing  key assemblies  were made 
I t o  enab le  concerned personnel  t o  more c lo8e ly  c o n t r o l  t h e  flow of 
e f f o r t  on t h e r e  u n i t s ,  The networkr were 11 x 1'7 atrtractg. of 
parts o f  t h e  complete petwork. 
Addi t iona l  modi f ica t ions  were made i n  t h e  o v e r a l l  networkr 
as problem a r e a s  were revealed ,  i n  order t h a t  t h e  network be kep t  
c u r r e n t ,  
Examples of t h e  Apollo PERT network. and a t y p i c a l  Line of  
Balance c h a r t  are i l l u s t r a t e d  i n  F igu re s  2-11 and 2-12. 
T h i r  PERT c o n t r o l  provided Apollo management wi th  a much needed 
tool t h a t  gave v i s i b i l . i t y  t o  prablam areas when they f i r r t  occurzed. 
Thia allowed imkdiate remedial a c t i o n  t o  t a b  p l a c e  and prevented 
any schedule  de l inquencies .  W 
2.8.2 Configura t ion  Control  
Under the roquiremenks of NPC 500-1, "Configurat ion Management 
Manual," t h e  Apollo Configurat ion Management S t a f f  (CMS) was e s t a -  
blished as a prograin management func t ion  to  c o n t r o l  and account  f o r  
the change a c t i v i t y  of a l l  changes, r e v i s i o n s  or modi f ica t ions  to  
r e l eaaed  eng ineer ing  documents. The CMS was reaponr ib l e  for t h e  
fol lowing s p e c i f i c  funct ions :  
a. Serving as a focal po in t  f o r  e s t a b l i s h i n g  con f igu ra t i on  
management requirements,  
b. Coordinat ion of change a c t i v i t y  w i t h  t h e  des igning 
agency. 
c. Cocrdinat ion of change a c t i v i t y  w i th  t h e  procur ing  
agency, 
, .. 
d. Maintenance of change. records. 
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e. Publication co,~figuration status reports. 
f. Establishing and chairing the Configuration Control 
Commit tee (CCC ) . 
g. Liaison with the procuring agency and the design 
activities for all configuration matters. 
h. Preparation and accounting of Engineering Revision 
Plans (ERP's). 
The CMS established a composite Configuration Control Committee 
(CCC) to evaluate cost/schedule impact of proposed changes. The 
committee represented all functional areas under cognizance of the 
program office as follows: 
a. Command Module Engineering 
b. Lunar Excursion Module Engineering 
c. Factory Test and Ground Support Equipment 
d. Reliability 
e. Quality Control 
f. Documentation 
g. Production Planning 
h. Production Control 
i. Manufacturing 
k. Field Operations 
1. Administration 
The CMS, in addition to internal records, prepared and trans- 
mitted to AC thirteen issues of the Weekly ERP Status Reports. 
2.8.2.1 Engineering Revision Plan (ERP). Formal change proposals 
of major magnitude or schedule impact were presented to NASA/CCB 
through ACSP on a periodic basis. 
A typical reporting status reflecting the activity for the 
first quarter of 1966 is shown below: 
Changes received - 214 
change$ cancelled - 15 
Feeless changes - 186 
ERPgs processed - 43 
Changes open - 12 
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2,8,2,2 T r a c e a b i l i t y  Requirements 
A very  impor tan t  p a r t  of  c o n f i g u r a t i o n  management w a s  t h e  
maintenance o f  adequace and w e l l  c o n t r o l l e d  documents t o  subs tan-  
t i a t e  t h e  b u i l d  v e r s u s  t h e  d e s i g n  concept  o f  t h e  p a r t i c u l a r  hardware, 
 his c o n t r o l  w a s  carried o u t  across many d i s c i p l i n e s ,  through a 
w e l l  documented procedure  and i n s p e c t i o n  c e r t i f i c a t i o n s .  I n  pro- 
duc ing  t h e  end p r o d u c t ,  (ADL) accep tance  data l i s t  which p r e s e n t e d  
S/N, l o t  # and Rev l e t t e r  of eve ry  p a r t ,  subassembly, and assembly 
used i n  t h e  g iven  hardware,  I n  Block I'I, t h i s  in fo rmat ion  was 
t r a n s l a t e d  through Kollsman IBM p rocedures  t o  a magnet ic  t a p e  
(CAT f i l e ) .  T h i s  was i n  accord  w i t h  a c o n t r a c t u a l  requi rement  
cover ing  a l l  OUA's  from 201 and up and a l l  ACT'S from 601 and up. 
Th i s  Kollsman t a p e  w a s  forwarded t o  t h e  AC master t a p e  bank a t  
Milwaukee upon d e l i v e r y  of t h e  hardware, where it w a s  i n t e g r a t e d  
w i t h  t h e  t o t a l  G 6 N master t a p e  in fo rmat ion ,  
The accuracy  of t h e  Kollsnban i n p u t s  were a t t e s t e d  t o  on several 
occas ions ,  one  which r e s u l t e d  i n  a Pr ide  o f  Performance Award t o  
t h e  Conf igura t ion  group. Even s i n c e  t h i s  award, d u r i n g  t h e  l a s t  
3 y e a r s  of  t h e  program, t h e r e  was n o t  a s i n g l e  Kollsman t r a c e a b i l i t y  
error or anomaly reported from t h e  master t a p e  bank, 
In fo rmat ion  deemed f r o m  t h e s e  tapes were most h e l p f u l  d u r i n g  
t h e  u n f o r t u n a t e  Apol lo  f i re  and i n  o t h e r  a r e a s  o f  d e s i g n  u n c e r t a i n -  
i t y .  
2.9 PERFORMANCE 
I n  a d d i t i o n  t o  t h e  management e f f o r t s  a l r e a d y  d i s c u s s e d  i n  
t h i s  r e p o r t ,  t h e r e  remained some? management judgments and p e r o g a t i v e e  
t h a t  were e x e r c i s e d  and which c o n t r i b u t e d  much through f u l f i l l i n g  
t h e  programs, These areas included: 
a Risk assumption 
a E a r l y  r e c o g n i t i o n  of  Schedule/Performance 
2 , g . l  Risk A s s u m p t i ~ n  
  pol lo management had r e g u l a r l y  demonstrated i n i t i a t i v e  i n  
"moving o u t n o n  problem areas. Kollsman very f r e q u e n t l y  assumed t h e  
r i s k  of i n i t i a t i n g  e f f o r t  w i t h o u t  a u t h o r i z a t i o n  where i n  management's 
juagment it w a s  p r u d e n t  t o  do so. T y p i c a l  examples o f  t h i s  t y p e  
o f  r i s k  a r e :  
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I n s t i t u t e d  hold on LM o p t i c a l  BB i n  advance of  
ACSP c o n t r a c t  change, 
Proceeded w i t h  f a b r i c a t i o n  of  des ign  eva lua t ion  u n i t s  
p r i o r  t o  c o n t r a c t  change. 
Proceeded wi th  f a b r i c a t i o n  of  GSE p r i o r  to  MI?/IL 
approval  of  mechanization drawings. 
I n s t i t u t e d  star t r a c k e r  and horizon photometer moduler 
changes p r i o r  t o  MIT release of changes. 
Released new SXT a i r  vacuum reticles p r i o r  to  MIT 
release. 
S t a r t e d  f a b r i c a t i o n  of FTE p r i o r  t o  f i n a l i z a t i o n  o r  
des ign  r e l e a s e s  of a i rbo rne  equipment. 
Agreed t o  produce two a d d i t i o n a l  O U A q s  dur ing  e a r l y  
p a r t  o f  schedule t o  exped i t e  des ign  e v a l u a t i o n  program. 
The OUA Sex tan t  Trunnion H e s i t a t i o n  problem where a 
series o f  s p e c i a l  tests were condncted by K I  t o  determine 
t h e  cause  of  t h e  problem prior t o  a formal r eques t  t o  do 
so. 4 
The Apollo Rangefinder e f f o r t  which r equ i r ed  an exped i te  
management a c t i o n  t o  achieve  t h e  schedule  requirement. 
The r e s o l u t i o n  of t h e  AOT reticle " f a l s e  s t a r H  problem 
and t h e  a s s o c i a t e d  des ign  modif ica t ions .  
The AOT s imula to r  update t o  r i g i d  schedule requirements.  
The des ign  and f a b r i c a t i o n  o f  t h e  AOT sunshade. 
The s e x t a n t  l i m i t  stop problem wherein K I  r an  several.  
sets o f  l i m i t  s t o p s  through 2,OCJ c y c l e s  of ope ra t i on  
each and f a b r i c a t e d  new p a r t s  t o  t h e  extremes of  t h e  
al lowable t o l e r a n c e s  s o  t h a t  w e  were able t o  r e t r o f i t  
f i e l d  u n i t s  almost immediately a f t e r  r e q u e s t  w a s  made 
t o  do so. 
Eyepiece refurbishment ,  
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2.9.2 Ear ly  Recognit ion of Problems 
Ear ly  r ecogn i t i on  of  problem8 w a s  e l s o  a c o n t i ~ u i n g  p a r t  of  
  pol lo managements posture.  Typica l  excmples of  e f f o r t s  i n  t h i s  
Cirea ware$ 
1, Prcbvided ex t r ao rd ina ry  t e c h n i c a l  a s s i s t a n c e  t o  com- 
ponent vendors e.g. tun ing  forb, r e s o l v e r s  and phototubes.  
2. Dmeloped "work aroundw techn icue  t o  avoid schedule 
slippage because of changes s u t h  as SXT reticle, coa t ings ,  
etc . 
3. Development lab .  eva lua t ion  of s ta r  t r a c k e r  and horizon 
photometer p r i x  t o  product ion t o  i d e n t i f y  and correct 
prcblem a r e a s  as e a r l y  a s  pos s lb l e .  
4. 64- speed resolvoxs . 
5. Concurrent K I C  f a b r i c a t i o n  of  some p u r c h a ~ e d  p a r t s  t o  
meet schedule where necessary f:uch a s  t r a r s fo rmer s ,  
g e m s ,  tuning fo rks ,  phototube housings. 
6. On emergency basifj, i n i t i a t e d  c!valuation program t o  
so3ve p o t t i n g  compound problem. 
7. Recognit ion of  e l e c t r o n i c  problems inhe ren t  i n  t h e  
Trncker/Photometer design.  
8. Rec:ognition of t h e  Beryll ium Corrosion problem. 
9, ~ecommendationsl f o r  s o l u t i o n  o f  t h e  .va r ious  eyepiece 
program d i r e c t i v e s .  
10. Recognit ion and d e f i n i t i o n  of  t h e  problems associated 
w i  :h OUA Qua1 t e s t i n g .  
Perhaps t h e  best measure of Apollo  management:^ e x p e r t i s e  is 
the record  of t i m e l y  d e l i v e r i e s  of high q u a l i t y  hacdware. The 
t o t a l  Apoll:, Hardware t h a t  was d e l i v e r e d  throughout t h i s  program 
is shown i n  Tables 1, 2 ,  and 3 of Volune I. 
A p a r t i c u l a r l y  s i g n i f i c a n t  hardware achievement was accomplished 
i n  t h e  r e t r o f i t  a rea .  S p e c i f i c a l l y ,  a minimum of  10  Block 11 O U A v s  
and 9 AOTve were re tu rned  to  Kollsman for major updat ing t o  t h e  
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latest configura.t ion.  Theae dirsimilar conYigured u n i t 8  were up- 
dated t o  a comcn  and l a t e s t  i n - l i n e  conf ig t r ra t ion  w i t h i n  t h e  con- 
s t raint . ,  of mairttaining t r a c e a b i l i t y ,  qua l i* ;y  and r e l i a b l e  in -  
t e g r i t y .  Them u n i t s  n o t  only were upgrade4 to  t h e  same l e v e l  a8 
new hardware b u t  were a l s o  de l ive red  on a  ahead of  AC requirements.  
I n  a d d i t i o n  t o  hardware d e l i v e r i e e ,  t h e  Apollo prc..gram was 
h igh ly  documentad. The .oft-ware con unit men:^ i n  t h e  ex rcu t ion  of 
t h e  c o n t r a c t  were carried o u t  w i t h  t h e  same e x p e r t i s e  r.hroughout 
t h e  per iod.  Table 2-10 and 2-11 l i s t  t h e  many reports issued by 
Kf and which now form p a r t  o f  our  informat ion  l i b r a r y .  
SUMMARY 
The successful moon f l i g h t s  pa id  t h e  u l t i m a t e  t r i b u t e  t o  t h e  
NASA Apollo team and became l i v i n g  evidence t h a t  K I  c o n t r i b u t i o n  
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Development Plan - Optical Subsystem 
Basic Elements of PERT 
Apollo Sextant 6 Scanning Telescope GSE (Rev, 8) 
Preliminary Plan Proposed for Apollo Optical 
Sub-system FTE 
Optical Target Progress Report No. 1 (TDK-15) 
t I 
Double Dove Scanning Prisms (Engineering Report 
NO, 2 Septe 1962) 
Reliability Manual NO, 1 Rev. A (Apollo Optical 
Sub-Sy s tern) 
Block I Q.C. Manual I 
Documentation Plan for Optical Subsystems I 
Indu~trial Aspects of Beryllium i Y 
I I 
Staff Electronics Engineering Report NO, 191 1 
A Resolver Digitizer 1 
1 
AA-6 3-012 Consisting of: 
650092-03-1 Transearth Injection Guidance 
650092-03-2 Injection Simulation 
*650092;-04-1 Velocity Steelring Loop Pulse 
Transfer Funcl,li.on 
*650092-04-2 Contro3lsr Design 
*650092-04-3 Controkler Beafgn X I  
I 650092-04-4 Optimizatisax of tho Velocity 
b Steering Loop 
*650092-04-5 Limit Cycle MaPysis 
*See 650092-04-6 Errata 
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AA-43-012 (Cont.) 650092-64-7 Revised System Analysis 
650102-1 Network Rooting and Cobt Evalu- 
ation Considerations 
650102-2 Computational Procedure for Best 
Path Determination Through a 
Network with a Single Cost Function 
650102-3 Network Rooting and Costing - 
Sample Problem 
650122-1 Basic Concepts in Earth Orbital 
Perigee Control 
650122-02 Calculat~on Procedures for Orbit 
Sensitivity 
650122-3 A Simplified Statistical Navigation 
Procedure 
650132-1 Continuous and Flashing Light 
Sources for Visual Acquisition 
650132-2 Visual Acquisition of the CM by 
the LM 
650132-3 Pyrotechnic Flash Cartridges and 
Electronic Flashtubes ab Light "ys 
Sources for Visual Acquisition 
650182-04-1 Linear Analysis I 
650182-04-2 Linear Analysis I1 
650182-04-3 Limit Cycle Analysis 
650182-04-4 CDU Analysis 
650182-04-5 Statistical Analpis of Digital 
Integration 
650192-4 Pyrotechnic Flash Cartridge 
Characteristics 
65Q192-5 Narrow Band Optical Transmission 
Fi 1 ters 
650192-6 The Steady Light Equivalent of 
Flashing Lights 
650092-04-6 Errata for: 650092-04-1 650092-04-5 
650092-04-2 
650092-04-3 
MDV Checkout and Repair Miarrual ND 1021069 
Number 
KOLLSMAN INSTRUMEEIT CORPORATION 
Table 2-10 (Cant.) I 
Title 
Final Report on TDK-33 Apollo Analytical Level 
of Effort Program 
Management Outline for Adaptation of Package 
for Utilization in the AES Manned Earth Orbital 
Experiment Program 
Reliability Analysis for the Optical. Sub- 
System and MDV 
I AA-63-017 Final Report on TDK-56 1 November 1963 
M-63-018 Final Report on TDK-64 15 November 1963 
AA-6 3-019 Final Report on TDK-45 and TDK-59 
Apollo Optical Unit Center of Gravity Report 
15 December 1963 
Optical Unit Maintenance - Checkout and Repair 
Procedure ND 1021067 
I AA-63-022 LM Design Concept Final Report I AA-6 3-023 Optical Unit Moments of Inertia Study 
Evaluation Study of Optical Holding Stands 
(TDK-102) 
Quaf if ication Tests of Reusable Shipping/ t 
Storage Container for Optical Unit i 
P/N 1011000 I 
.I 
AA-63-026 ~ r r o r  Analysis Report (PTF) i i 
i 
1 
AA-63-027 PTF Checkout, Maintenance, and Repair Manual -i 
i 
SCT & SXT Shaft Axis Lateral Vibration Analysis 
Contingency Analysis: The Selection of 
Alternate of Backup Guidance and Navigation 
Modes for a Manned Spaceflight 
MDV, Tester, Checkout, and Maintenance & Repair S If 
Manual ii 1 
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AA-6 3-0 34 




AA-6 3-0 39 


















Apollo GSE Autnc-l lomator Alignment Report 
A General  D i s  :ourse on Celestial  Navigation 
wi th  t h e  Apollo O p t i c a l  Sub-system 
Report on t h e  Hand-Held S tad ime te r  and S e x t a n t  
K I C  Apollo P u b l i c a t i o n s  Monthly Report 
Apollo GSE D e s c r i p t i o n  L i s t  
CM R e l i a b i l i t y  & Q u a l i t y  S t a t u s  Report 
K I C  Space D i v i s i o n  Experience and F a c i l i t i e s  
Ground Support  and Fac to ry  T e s t  Equipment 
FTP f o r  OUA P/N 1011000 and MDV P/N 1011559 
R e l i a b i l i t y  Manual f o r  Apol lo  Opt ical  Sub- 
System No. 1 
Apolio/LM Organiza t ion  C h a r t s  
R e l i a b i l i t y  and Q u a l i t y  Assurance P r e s e n t a t i o n  
t o  AC 20 October 1965 
Tech. P roposa l  f o r  Apol lo  V i s u a l  S imula tor  
V o l .  - I-Tech. P r o p o s a l  f o r  an O p t i c a l  Sub- 
System f o r  Apollo 
V o l .  11- Business  Management P roposa l  f o r  
-optical Sub-Sys t e m  
V o l .  111- C o s t  Estimate and C o s t  Control  
Proposal' f o r  Optical Sub-system f o r  Apollo 
Vol.: I- Revised P r o p o s a l  f o r  t h e  Apol lo  Opticirl 
-stern V o l .  I (AA-63-044) 
V o l .  I X -  Revised Proposa l  f o r  C o s t  E s t i m a t e  
m t r o l  V o l .  I11 (AA-63-044) 
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Table 2-10 (Cont.) I 
Title I 
Final Report on TDK-18 I 
Apollo Optical Technical Description I 
Monthly Program Progress Report No. 2 
31 Aug, 1962 
Quarterly Program Progress Report No, 1 
30 Sept, 1962 
Quarterly Program Progress Report No, 2 
31 Dec. 1962 
A Simple Optical Ranging Technique for Orbital 
Rendezvous 
Consisting of: I 
Initial Condition Generation for 
Abort Maneuver Studies 
A Short Description of the Abort 
Maneuver Simulation Program 
Status of Apollo Ascent Abort 
Problem 
Launch Injection Error Program 
Launch Delay Computer Program 
Launch Delay Computations 
Effects of Time Delay at Launch 
Propagtion of Parking Orbit 
Errors 
  pol lo Space Sextant and Scanning 
Telescope Error Models 
Apollo Space Sextant 'Error Analysis 
Apollo Space 'Sextant Computer 
Program 
Apollo Scanning Telescope.tomputer 
Program 
Analysis of Optical Error due to 
~ouble Dove Scanning Prism 
SCT Gear Train Analysis 
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Table 2-10 (Cant.) 
Number Title 
-
AA-64-100 Apollo/LM Organization Charts 
AA-64-101 Error Analysis Report-Opt. Lab. Target-Short 
Periscope and Align Mirror ASSY. 
Qualification Test, Reusable Shipping Container 
MDV 
I AA-64-102A CM Monthly Report 816 - 5-31-64 I I AA-64-103 Optical Unit Shaft Axis Bearing Preload Study I 
I M-64-104 CM Block I1 GSE Development Plan I I AA-64-105 CM Monthly Report No, 18,  8-31-64 I 
AA-64-106 Quarterly Summary of Quality Program Per- 
formance Audits 
I AA-64-107 Quarterly Tech. Progress No, 9 9/30/64 e 
Apollo Monthly Center of Gravity Report 
10/30/64 
Final Report of Structual Analysis of Optical 
Unit lO$lOOO 
Quality Test of Projection Lens 101137* Final 
Report . I AA-64-111 ~tructual Analysis of Optical Unit 1011000 1 f 
i 
AA-64-112  pol pol lo Program Command Module (Monthly) 
Apollo Program Command Module Monthly Re- 
liability Report No, 1 ' 
Apollo. Program Command Module Monthly Tech, 
Progress Report #l? 
AA-64-115 Apollo Program CM Monthly Quality Assurance 
Progress Report # 2  ' 
. 
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Apollo Monthly Progress Report 120 
CM Monthly Reliability Report #2-30 
Apollo Program CM Tech. Progress Report 
12/31/64 
Status Report 12/31/64 
AA-64-120 Apollo Program CM 1/4 Reliability Report #1 
12/31/64 
Fourth Quarterly Q.C. Perf. Audit 
M-64-122 Quality Test of Connectors 
M-64-123 Apollo GSE Autocollimator Alignment Report 
AA-64-108A Computer Program for Beam Natural Frequencies 
M-65-201 Apollo Reliability Quality Test of Diff. 
Quality Test of Optical Unit/Navigation Base 
Shipping Container P/N 1019720 Jan. 1965 
Space Division Presentation Book (Astronaut 
Scott's Visit) 
Tech. Progress Report Jan. 1965 
Study of Optical Axis Align as effected by 
Reticle Shaft 
Block I1 ~ech.' OUA Description 
CM Monthly Report Feb. 1965 
1 
I M-65-207 Reliability Q.C. Presentation to AC Electronics I 
Apollo/LM Prog~am Office Presentation to NASA 






Table  2-10 (Cant.) 
T i t l e  
-
Monthly GSE Planning L i s t  
CM Qua r t e r l y  Tech. Progress  N o .  1 
Thermal MDV Ana1ysl.s TDK - 98 
CM & LM Qua r t e r l y  Q u a l i t y  S t a t u s  
His to ry  Eva lua t ion  P e r ,  Up t o  31 March 1965 
FTP (Pre l iminary  Factory T e s t  P lan  f o r  
Block I1 OUA) 
Q.C. p e r  Audi ts  31 March 1965 
Q.C. Manual 
Combined CM & LM Q u a l i t y  R e l i a b i l i t y  Report 
N o .  2 
Apollo/LM R e l i a b i l i t y  Program Plan  
Apollo Program CM Tech. P rog re s s  Report -Monthly 
Thermal and OUA TDK-60 May 1965 
Q.C. Manual 
Computer Program f o r  Eva lua t ion  Beams on 
Lateral V ib ra t i ons  
CM Monthly N o .  2 4  Q u a r t e r l y  T e s t  Program 
Report 
TDK-61 OUA AGE 2 - Mechanical I n t e g r i t y  T e s t  
KIC OU Checkout Supplement 
Universal Eyepiece 
Combined CM/LM N o .  2 Q u a r t e r l y  Tech. P rogress  
Report 
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Number 
AA-65-227 
Table 2-10 (Conto 
Title 
Combined CM/LM Quarterly Tech. Progress Re- 
liability Report 
Combined CM/LM Quarterly Quality Status (3) 
Quarterly Quality Perf. Audits 
Final Report MDV 
SXT Index Mirror, Fl.atness and Warpage Problem 
Analysis 
(TDK-83) Final Report Thermal Vacuum Evaluation 
Test Program Optical Unit Assembly AGE-1 
Apol! o Program Materials Report 
Quality Plan for the Apollo/LM Programs 
6 August 1965 
~aintainability Resign-Evaluation Report Op- 
tical Unit Assembly 2011000 Block 1-100 
Apollo Program - CM and LM (combined) Weight, 
CG, and Electrical Requirements Report 
20 August 1965 
  pol lo Program CM and LM Monthly Reliability 
Report August 1965 
Optical Unit Assembly - Components and Assembly 
Flowgrams 19 July 1965 - Contract No, NAS 9-497 
Combined CM and LM Quarterly Tech, Progress 
Report No, 3 
AA-65-240 CM and LM Quality Status Report 
AA-65-141 Quarterly Reliability Report No., 4 CM/LM 
. 30 September 1965 . 
AA-65-242. . QC Audits Quarterly Surt~nary P A  - 5009 - 3 
KOLLSMAN INSTRUMENT CORPORATION 
Table 2-10 (Conto) 
Title 
-
Evaluation and Function Results - OUA AGE 101 
A Study of Effective Gravity References for 
Autoc~llimation 
Thermal Vacuum Cycling Test OUA AGE 102 Interim 
Interim Report Acceleration and Acceleration 
Overstress Tests - OUA AGE 101 12 October 1965 
Interim Report - Acoustic Test OUA AGE 101 
12 October 1965 
Interim Report - Shock and Shock Overstress 
Tests - OUA AGE 101 12 October 1965 
Interim Report - Oxygen Overpressure Temperature 
Test - OUA AGE 101 15 October 1965 
Mission Cycling Test OUA AGE 102 - 5 November d' 
1965 
Monthly Technical Report No. 1 15 November 
1965 
Evaluation of RTV-103 Silicone Rubber Adhesvie 
in a Thermal Vacuum Environment 
Combined CM .& LM Weight, CG, and Electrical 
Requirement Report 15 November 1965 
Functional Tester Report 4 
I I 
Star-Horizon Simulator Evaluation Report 
24 November 1965 
Alignment Optical Telescope Component and 
Assembly Flowgrams 
Catalog of Blocks I & I1 FTE 31 Cecember 1965 1 1 
Design Evaluation OUA AGE 102 Thermal Vacuum 
Cycling and Simulated Mission Cycle Tests 
15. December 1965 
Number 
- ~ 
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Table 2-10 (Cont.) 
Title 
P 
Apolla/LM Program Organization Charts 
1 5  December 1965 
Report of Assembly Nigh Voltage Power Supply 
Star Tracker P/N 2007175 16 December 1965 
CM 6 LM Quarterly Reliability Report No. 5 
31 December 1965 
Interim Report - Evaluation and Functional 
Test Results for Vibration Overstress Tests 
OUA AGE 101 
CM & LM Quarterly Quality Status Report 
31 December 1965 
Combined CM 6 LEM Quarterly Technical Progress 
Report 
Apollo Engineering Analysis Design Evaluation 
Program - OUA - 2/2/66 
~pollo/LM Orgarlization Charts 2/4/66 
Analysis of Photomutiplier Dark Noise 
10 February 1966 
Study of the Manufacturing Tolerances on 
Error Gradient 14 Feb. 1966 
Trac,ker Error Signal Linearity Investigation 
2/28/66 
Mechanical. Integrity Test - OUA AGE 101 - 
Excluding Earth Landing Shock Test and all 
Eyepiece Tests 3/10/66 
Be Corrosion Tests and Evaluation Report and 
Analysis 2/28/66 
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Table 2-10 (Cont ,  
Number 
AA-66-309 
T i t l e  
Combined CM and LM Weight, CG, and Electrical 
Requirement Report:. 3/15/66 
~po l lo /LM Loctite Progress  Report 3/29/66 
CM and LM Q u a r t e r l y  S t a t u s  Report 3/31/66 
Combined CM h LM Q u a r t e r l y  Technical Progrens 
Report 3/31/66 
Combined CM and LM Q u a r t e r l y  R e l i a b i l i t y  Report 
N o ,  6 3/31/66 
Combined CM and LM Q u a r t e r l y  Technica l  P rogress  
Report 6/30/66 
Q u a r t e r l y  Q u a l i t y  Cont ro l  Report tw3 I 
Combined CM and LM Q u a r t e r l y  R e l i a b i l i t y  Report 
N o ,  7 6/30/66 
KIC Management Report to AC Electronics, F i r s t  I 
Increment Performance Per iod  Ending 30 June 1966, 
CM/LM Q u a r t e r l y  Tech. P rogress  Repart  #7 i 
I I 
C/M/LM Q u a r t e r l y  R e l i a b i l i t y  Report 2 
4 I 
J 
Materials Report I 
Method of  Analyzing Non Uniform Beams 
~ p ~ l l o / L M  Progress  Achievements 1 Nov, 1966 
OUA Program Plan;  Recycle Motors f o r  Addi t iona l  
Lubr ica t ion  
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Table 2-10 (Cont.) 
Number T i t l e  I 
AA-66-326 Quarterly  QC Report 
AA-66-327 Quarterly  Tech Progress Report 
AA-66-328 Quarterly  R e l i a b i l i t y  Report 49 
~ l l  AA reports  thru 66-328 are  i n  s torage  
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Table 2-11 
PROJECT ENGINEERING REPORTS 
Title 
-
Configuration Determination of 2012723 
Counter-weight 
Evaluation and Plan of Action for Correction 
of Failures Associated with SXT Shaft 
perpendicularity 
Evaluation and Plan of Action for Correction 
of Failures Associated with SCT SDA Alignment 
Evaluation and Plan of Action for Correction 
of Failures Associated with SXT SDA Zero 
Alignment 
Measurement of Electrical Zero of 2X Resolver 
Receiver on SXT Trunnion 
Status of OUA/AOT Purge Valve Probaem 
Trunnion Trane~nittance 
Dust Cover Investigation 
Report of Assembly Work Performed, FR 9687 
Loctits Evaluation Test Report 
Status, Black Anodize of SYT and SCT Panels 
Plexprints, Interim Report 
Znterferometric Measurement of Flatness and 
Coplanarity of SXT Mirror Mounting Surfaces 
Interim OUA Connector Invesxigation 
Interim Luxorb Perforrnarr-e Review as Used 
on the OUA 
Manual Ad just Knobs 
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Table 2-11 I 
Title 
-




Effectiveness of Epoxied Wedges in Limiting 
SXT SDA Shifts Induced During Vibration 
Testing 
Sextant Trunnion Mirror Mount Bearing Mod- 
if ication 
Contamination Protection Study, Ablative 
Parts 
Corrosion of Hardware in Shipping Containers 
AGE 207 Special Thermal Vacuum Conditioning 
Report on OUA Thermal Vacuum Tests 1 
Learner Model Thermal Vacuum Tests with 
Proposed New Flanged Trunnion Bearing Design 
Rationale for Field Modification to SXT 
Eyepiece Interchangeability Shim P/N 2012608 
on OUA's Prior to AGE 205, S/N 017 
Control of SXT Index Mirror Flatness 
Characteristics Through SXT Index Head 
Assembly 
Synopsis of SCT Stiction Investigation 
Storage and Maintenance Requirements for 
OUA Bearings and Lubrication 
SXT Shaft Axis Spring-Back 
SXT-SDA Variation Differences Between AC 
and KI 
Preforming of Self Locking (Long Lock) Screws 
SXT Trunnion Hesita ,ion Study 




















Table 2-11 (Cont.) 
T i t l e  
-
Purge Valve ~ n v e s t i g a t i o n  
L i m i t  Stop Tee t s  - Remults 
SXT Trunnion L i m i t  Stop Evaluat ion 
Proposed Methods o f  Obtaining a S p e c t r a l  
Response Curve f o r  t h e  P r i t c h a r d  Photo- 
meter Used i n  t h e  SXT Luminous Transmit- 
ance Measurement 
Compatabil i ty of 30 Second Star Output 
of  S H  Simulator  w i th  Learner Model OUA 
Ma te r i a l s  Report 
Quar te r ly  QC Report 
Quar te r ly  Technica l  Progress  Report 
Q u a r t e r l y  R e l i a b i l i t y  Report 
Thermal Analys is  o f  OUA wi th  Abla t ive  
'Sh ie ld  
B e  Corrosion test,  Evaluat ion  Reports 61 
Analysis  
Apollo GIP .Po ten t i a1  F a i l u r e s  
Q u a r t e r l y  Tech Progress Report 6-30-67 
Q u a r t e r l y  Product  Assurance Report 6-30-67 
TV R e t e s t  o f  OUA Blk I1 with  -4 Motors 
~ n v e n t o r y  Procedures and Inventory 
Contro ls  
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Number 
Table 2-11 (Cont.1 
T i t l e  
Qual. T e s t  Report of Blk 11 Eyepieces  
Qual. T e s t  Report  o f  S i z e  8 Resolver  
P/N 1012157 
M a t e r i a l s  Report 
CM/LM Tri-Annular  Progress Report 
Product  Assurance Periodic S t a t u s  Report 
Product  Assurance Periodic S t a t u s  Report 
Program Period Progress Report 11/1/67 - 
2/29/68 
Materials Report 
Program Q u a r t e r l y  P r e s e n t a t i o n  t o  AC 
Product  Assurance Periodic S t a t u s  Report 
3/1/68 - 6/30/68 
Periodic Tech Progress Report 
Q u a r t e r l y  P r e s e n t a t i o n  t o  AC E l e c t c o n i c s  
M a t e r i a l s  Report 
S t r u c t u r a l  Ana lys i s  Review, O M  220 
O v e r s t r e s s  
F i n a l  Report Repair C o n t r a c t  FNP 03700. 
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Sec t ion  3 
TECMN ICAL APPROACH 
1 3.1 DESCRIPTION OF  OPTICAL SUBSYSTEM 
1 
The Guidance and F . iv iga t ion  (G & N) System is one of t h e  Apollo 
S p a c e c r a f t  systems. The G 61 N system, l oca t ed  a t  t h e  lower naviga- 
t i o n  s t a t i o n  i n  t h e  Command Module, performs two b a s i c  func t ions  - 
I i ne r t i a l  guidance and o p t i c a l  navigat ion .  
For optical nav iga t ion ,  a scanning t e l e scope  and s e x t a n t  a r e  
used to t a k e  s f g h t i n g s  on c e l e s t i a l  bodies and landmarks. The 
s i g h t i n g 6  are used to: (1) detennine t h e  s p a c e c r a f t  p o s i t i o n  and 
v e l o c i t y  which d e f i n e  t h e  t r a j e c t o r y ,  and ( 2 )  e s t a b l i s h  proper  a l i gn -  
) ment of the stable platform. Communications w i t h  ground t r ack ing  
s t a t i o n o  aa rve  as backup and may be used t o  a s s i e t  i n  navigat ion ,  
I  he G c N eystgm is  d iv ided  i n t o  t h r e e  major subrystema: 
i n e r t i a l ,  o p t i c a l ,  and computer. The G & N system i~ designed so 
each subsyotem can be operated indepe .dent ly  dur-ing an emergency o r  
I backup mode. There fore ,  t h e  f a i l u r e  of  one subsystem w i l l  n o t  place the e n t i r e  G & N system o u t  of canmission. The t h r e e  subsystems, 
~ or combinations of  subsyetemr, can perform t h e  fol lowing funct ions :  
1, P e r i o d i c a l l y  establ ish an i n e r t i a l  r e f e r ence  which is 
used f o r  measurements and canputa t ions .  
I 2. Align t h e  i n e r t i a l  r e f e r ence  by precise optical s i g h t -  ings .  
3. Ca lcu l a t e  t h e  p o s i t i o n  and v e l o c i t y  of  t h e  s p a c e c r a f t  
by optical aav iga t ion  and i n e r t i a l  guidance. 
4. Generate s t e e r i n g  s i g n a l s  and t h r u s t  canmands necessary 
t o  main ta in  t h e  requ i red  spacecraft t r a j e c t o r y .  
5.  Provide  t h e  a s t r o n a u t  w i t h  a d i s p l a y  of data which i n -  
dicatsfi t h e  s t a t u s  of  t h e  guidance and nav iga t ion  . 
problem. 
The o p t i c a l  subsystem enab les  t h e  a s t r o n a u t  t o  t a k e  p r e c i s i o n  
optical s i g h t i n g s  on celestial objects by means of a t e leecope  and 
I .  s e x t a n t .  These s i g h t i n g 8  are used i n  c a l c u l a t i n g  t h e  v e h i c l e ' s  
p o s i t i o n  and v e l o c i t y  and i n  a l i g n i n g  t h m  IMU. The celestial bodies 
s e r v e  as t h e  primary re fe rence  f o r  nav iga t ion  of  t h e  s p a c e c r a f t  
w i t h  posu ib l e  backup from ground s t a t i o n s .  
The t a k i n g  of  o p t i c a l  s i g h t i n g s  i s  a semi-automatic o p e r a t i o n  - 
and r e q u i r e s  t h e  a s t r o n a u t  t o  p o i n t  t h e  optical ins t rument s .  I f  
t h e  celestial objects cannot  be a c q u i r e d  by o p e r a t i n g  t h e  optical  
c o n t r o l s  a l o n e ,  t h e  a s t r o n a u t  must change t h e  a t t i t u d e  of  t h e  space- 
c ra f t  by commanding r o l l ,  p i t c h ,  and yaw motion w i t h  t h e  a t t i t u d e  
c o n t r o l  s t i c k .  
~t t h e  i n s t a n t  t h e  optical s i g h t i n g  is  t a k e n ,  t h e  t i m e  of 
s i g h t i n g  and t h e  a n g l e s  o f  t h e  o p t i c a l  i n s t r u m e n t s  are recorded 
by t h e  AGC. Data p e r t a i n i n g  t o  t h e  l o c a t i o n  of t h e  celestial ob- jects and programs for n a v i g a t i o n a l  c a l c u l a t i o n s  have been s t o r e d  
I i n  t h e  AGC. The n a v i g a t i o n a l  measurement is  accomplished d u r i n g  
- e a r t h  and l u n a r  o rb i t  by measuring t h e  a n g l e s  t o  landmarks w i t h  t h e  
telescope and d u r i n g  midcourse by measuring t h e  a n g l e  between a 
landmark and a s ta r  w i t h  t h e  s e x t a n t .  The I M U  is a l i g n e d  d u r i n g  
f l i g h t  by measuring t h e  a n g l e  between t h e  n a v i g a t i o n  base and t w o  
stars w i t h  t h e  s e x t a n t .  The optical  i n s t r u m e n t s  may also be u t i l i -  
zed i n  p re launch  I M U  a l ignment .  
I n  case of a f a i l u r e  i n  t h e  optics e l e c t r o n i c s ,  t h e  a s t r o n a u t  
may be r e q u i r e d  to  operate t h e  telescope manually w i t h  a u n i v e r s a l  
tool and read t h e  a n g l e s  off c o u n t e r s  on t h e  telescope axes.  I n  
such emergencies  t h e  a s t r o n a u t  would c a l c u l a t e ,  w i t h  possible a s e i s -  
t a n c e  from t h e  ground, a n a v i g a t i o n a l  f i x  and v e l o c i t y  c o r r e c t i o n .  
3.2 OPTICAL BASE 
The optical base i s  a r i g i d  s t r u c t u r e  i n  which t h e  telescope 
and s e x t a n t  s h a f t  a x i s  components are mounted. (See F i g u r e  3-1). 
Trunnion and s h a f t  d r i v e  mechanisms, r e s o l v e r s ,  and a n g l e  c o u n t e s s  
for t h e  telescope and s e x t a n t  are house4 i n  t h e  base assembly. 
Telescope and s e x t a n t  p a n e l  assemblies are mounted on t h e  under s ide  
of t h e  base ,  The telescope p a n e l  has  p r o v i s i o n  f o r  manual p o s i t i o n -  
i n g  of telescope s h a f t  and t r u n n i o n  a x e s ,  and a l so  i n c l u d e s  viewing 
windows f o r  p o s i t i o n  a n g l e  c o u n t e r s  w i t h i n  t h e  g e a r  box, 
gear box. 
I 3.2.1 Opt ica l  Base and Naviga t ion  B a s e  I n t e r f a c e  I 
The optical base i s  mounted t o  t h e  n a v i g a t i o n  base i n  t h e  space 
v e h i c l e .  (See F igure  3-1) The critical a l ignment  of t h e  optical 
base w i t h  t h e  n a v i g a t i o n  base is achieved  w i t h  a k inemat i c  mounting 
procedure .  The optical  base a l ignment  is o b t a i n e d  by t h e  u s e  of  
t h r e e  steel balls  of e q u a l  diameter ( w i t h i n  40 m i l l i o n t h s  of a n  i n c h ) .  
 he bal ls  are assembled i n  c o n i c a l  seat8 mounted on t h e  optical  I 
base .  One c o n i c a l  seat i s  r i d i d l y  anchored on t h e  optical base. 
A second c o n i c a l  seat is  mounted on a "Vee" i n  l i n e  w i t h  t h e  f i rs t  
seat. A t h i r d  c o n i c a l  seat has t w o  degrees-of-freedom i n  t h e  same 
P 
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IMU MOUNTING PAOS (41 
Figure 3-1. Optical Subsystem and Navigation Base 
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ane as t h e  f i rst  two. T h i s  p l a n e  is p e r p e n d i c u l a r  t o  t h e  s e x t a n t  U+ 
a f t  a x i s .  The mounting arrangement  m a i n t a i n s  the optical base i n  
e r e q u i r e d  f i x e d  r e l a t i o n s h i p  w i t h  t h e  i n e r t i a l  measurement u n i t  
(IMU) and s t i l l  p e n n i t s  freedom for t o l e r a n c e  v a r i a t i o n s  between 
o p t i c a l  and n a v i g a t i o n  base mounts. 
3.2.2 Op t i ca l  Base, S e x t a n t ,  and Telescope  Aliqnment I 
The scanning  telescope and space s e x t a n t  are mounted i n  t w o  
p r o t r u d i n g  t u b u l a r  s e c t i o n s  of t h e  o p t i c a l b a s e  assembly. The tele- 
scope and s e x t a n t  s h a f t  a x e s  are a l i g n e d  p a r a l l e d  t o  each  o t h e r  and 
I afford a common l ine -o f  - s i g h t  (LOS) t o  selected targets, 
3.3 OPTICS AXES I 
The optics  subassembly motion i s  abou t  t w o  r igh t -hand ,  ortho-0 
gona l  sets o f  axes .  One se t  rotates i n  accordance w i t h  t h e   haft 
movements of t h e  s e x t a n t  and scanning  telescope. T h e  o t h e r  set 
r o t a t e s  i n  accordance  w i t h  t r u n n i o n  movements o f  t h e  s e x t a n t  and 
scanrling telescope . 
F i g u r e  3-2 shows t h e  r e l a t i o n s h i p  o f  t h e  optics and n a v i g a t i o n  
l base  axes and t h e i r  associated a n g l e s .  Posit ive r o t a t i o n  of the 
o p t i c s  t r u n n i o n  abou t  t h e  t r u n n i o n  d r i v e  a x i s  (TDA) causes  a p o s i t i v e  
i n c r e a s i n g  t r u n n i o n  a n g l e  ( A ~ )  . 
~t a l l  t i m e s  t h e  s h a f t  d r i v e  a x i e  is  a l i g n e d  w i t h  t h e  n a v i g a t i o n  w 
base 2  a x i s  ( 2  ) and t h e  s h a f t  Z a x i s  ( 2  f o r  a conunon r e f e r e n c e  
l i n e  for t h e  n&iga t ion  base and optics c 8 o r d i n a t e  systems,  (See 
F i g u r e  3-2) The t r u n n i o n  d r i v e  axis also is  a l i g n e d  w i t h  t h e  t r u n -  
nion Y a x i s  (Y  ) and t h e  s h a f t  Y  a x i s  ( Y J  a t  a l l  times, g i v i n g  a 
=-on r e f e r e n h e  l i n e  for t h e  t w o  optics c o o r d i n a t e  systems.  
I 3 .4  TELESCOPE ! I 
The telescope ( F i g u r e  3-3) f u n c t i o n  is similar t o  a t h e o d o l i t e  
i n  i t s  a b i l i t y  to  a c c u r a t e l y  measure e l e v a t i o n  and azimuth a n g l e  of 
a s i n g l e  ta rge t  u s i n g  an e s t a b l i s h e d  r e f e r e n c e .  The telescope l e n s e s  
p r o v i d e  60-degree t r u e  f i e l d  of view a t  1 X  or 20-degree f i e l d  of 
view a t  3X m a g n i f i c a t i o n s .  The 1 X  and 3 X  l e n s  are mounted i n  the 
t u r r e n t  d u a l  e y e p i e c e  assembly. 'The telescope prism t r a v e r s e s  through 
LOS a n g l e s  from 0 degrees, i n  l i n e  w i t h  t h e  s h a f t  axis, t o  58 degrees 
off s h a f t  axis i n  either d i r e c t i o n ,  t h u s  p r o v i d i n g  a t o t a l  scanning  
cone of 116 degrees LOS. The telescope prism rotates 360 degrees 
abou t  t h e  s h a f t  a x i s .  
1 .  
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General  cons t ruc t ion  of t h e  telemcope, r h w n  i n  Figure 3-3, 
consir tm of three basic assemblier :  t runn ion  mi., r h a f t  a x i s ,  and 
baa0 aec t ion .  The t runn ion  a x i s  a~asembly con ta in8  t h e  priam and 
mount, d r i v e  worm s h a f t  and gea r ,  crnd t runn ion  r t r u c t u r e ,  S h a f t  
.x i8  components i nc lude  t h e  tube  w i th  amaociated optic.. Hou8ed 
on t h e  bare a e c t i o n  are r e l aced  d r i v e  gear., rarolver receivers, 
motor generators, and ang le  counters .  I n  a d d i t i o n ,  t o  driva com- 
ponent., t h e  baee s e c t i o n  inc ludes  t h e  t a l e r c o p e  pane l  a#aunbly. 
The pane l  con ta in s  t u r r e t  eyepiece  mount, l i g h t e d  b*za& windowa, 
and manual i n p u t  adap te r s .  
3.4.2 Preciarion Requirements 
The telescope r e q u i r e s  a c c u r a t e  LOS measurement of e l e v a t i o n  
and azimuth anglo f o r  a a i n g l e  target wi th  r e r p e c t  to  the o p t i c a l  
a x i s ,  Allowable LOS e r r o r  i n  e l e v a t i o n  i r  1 minute of arc m a  wi th  
maximum r e p e a t a b i l i t y  of 15 arc-secondr.  S h a f t  a i r  accuracy is 
measured a t  approximately 40 arc-second#. 
3.4.3 Target O p t i c s  
Telescope t a r g e t  optics basically con8i.t of  a double dove 
prism, u n i t  power t e l e scope ,  and eyep iece  assembly. Figure  3-4 
illustrates l o c a t i o n ,  and l i g h t  t r ansmis r ion  func t ion  of t h e  t h r e e  
optical assembl ies  of t h e  telescope. 
L i g h t  source  e n t e r s  t h e  t a r g e t  o p t i c 8  through the double dove 
prism. The prism is a t t a c h e d  t o  a mounting am.e~nbly, and d r iven  
i n  e l e v a t i o n  by a worm reduc t ion  d r i v e .  (See item6 7 and 8, Figure 
3 3 . )  S h a f t  a x i s  reduc t ion  gear d r i v e s ,  i n  the o p t i c a l  baee, rotate 
t h e  pr ism 360 degrees about  t h e  s h a f t  an i s .  En te r ing  l i g h t  is 
passed from t h e  prism t o  t h e  l e n s  aseemblien. 
The u n i t  power t e l e scope  has  a 60-degree t r a  f i e l d  of view. 
Componente i nc lude  an  o b j e c t i v e  l e n s  aamambly, reticle, pechan 
prism, and r e l a y  l e n s .  (See Figure 3 4  ) The o b j e c t i v e  l e n s  is 1.25 
inches  i n  d iameter ,  and has a 27.4 mm EFL. The i l l umina t ed  reticle, 
l oca t ed  i n  t h e  optical pa th  of t h e  o b j e c t i v e  lana  arsembly, a l i g n s  
t h e  selected t a r g e t ,  The pechan priam is employed t o  erect t h e  
t a r g e t  image (see prism s e c t i o n a l  vkew i l l u s t r a t e d  i n  Figure  3-4 ) .  
The r e l a y  l e n s  assembly reproduces t h e  reticle image i n  t h e  eye- 
piece assembly. 
The eyepiece assembly c o n s i s t s  of t w o  i n d i v i d u a l  l e n s  systems 
which provide  e i t h e r  1 X  o r  3X magnif ica t ion .  A 60-degree t r u e  f i e l d  
o f  view i s  provided by a 1X l e n s  assembly. The assembly meaaures 
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1.25 i n c h e s  i n  diameter, and h a s  27 .4  nun EFL, The 3X l e n s  asrembly w 
a f f o r d s  20-degree t r u e  f i e l d  of  view, has 9 .1  mm EFL., and measurer  
0.41 i n c h  i n  diameter. 
F i g u r e  3-4 i l l u s t r a t e s  t h e  t r a n s m i s s i o n  o f  l i g h t  s o u r c e  through 
t h e  telercope optics. The l i g h t  i s  a c q u i r e d  by t h e  double  dove 
p r i s m ,  and t r a n s m i t t e d  through t h e  o b j e c t i v e  l e n 8  a ~ a e m b l y  , forming 
an image a t  t h e  i l18wninated reticle. L i g h t  i 8  t h e n  t r a n s m i t t e d  
through t h e  pechan prism. The prism erects and t r a n s f e r s  t h e  l i g h t  
t o  t h e  r e l a y  l e n s  assembly. The r e l a y  l e n s  r ep roducer  t h e  image a t  
t h e  e y e p i e c e  assembly. L i g h t  t r a n s m i s s i o n  through t h e  t e l e s c o p e  
optics is approximate ly  27  p e r c e n t .  
3.4.4 Telescope Servo System 
A c o n v e n t i o n a l  s i n g l e  speed s e r v o  loop is u t i l i z e d  t o  p o s i t i o n  
t h e  telescope a b o u t  t h e  t r u n n i o n  and s h a f t  axes .  The t r u n n i o n  d r i v e  
servo channel ,  w i t h  t h e  e x c e p t i o n  of 0  and 25-degree o f f s e t  r e l a y e ,  
is  b a s i c a l l y  similar t o  t h e  s h a f t  s e r v o  channel .  The command s i g n a l ,  
o r i g i n a t e d  i n  t h e  optical c o n t r o l  @ t i c k ,  i s  fed t o  a selector s w i t c h  
i n  the G 6 N i n d i c a t o r  c o n t r o l  p a n e l ,  The magnitude of t h e  command 
s i g n a l  i s  p r o p o r t i o n a l  t o  t h e  degree of d i sp lacement  of t h e  c o n t r o l  
s t i c k  from n e u t r a l  p o s i t i o n ,  w h i l e  t h e  phase  r e l a t i o n s h i p  i e  deter- 
mined by d i r e c t i o n  of d i sp lacement ,  C o n t r o l  s t i c k  d i r e c t i o n  is cor- 
related w i t h  telescope d i r e c t i o n ;  up-down for t r u n n i o n  e l e v a t i o n ,  
and l e f t - r i g h t  for s h a f t  azimuth d i r e c t i o n  i n  t h e  direct mode, The W 
command'eignal is s u p p l i e d  to  t h e  a p p r o p r i a t e  s e r v o  channe l  by a 
selector s w i t c h ,  F i g u r e  3-5 i l l u s t r a t e s  the telescope p o s i t i o n  
loop , 
Convent iona l  800-cps, s i z e  8 resolver r e c e i v e r s ,  w i t h  a c c u r a c i e s  
of 3 minutes ,  are i n c o r p o r a t e d  i n  t h e  telescope p o s i t i o n i n g  loope. i .  
The resolver electrical a n g l e  w i t h  respect t o  t h e  s h a f t  mechanical  
a n g l e  i a  1 / 2 X ,  and 1 X  w i t h  respect t o  t h e  t r u n n i o n  a n g l e .  Motor 
g e n e r a t o r s ,  housed i n  t h e  optical base assembly, are employed t o  
drive t h e  t e l e s c o p e  t r u n n i o n  and s h a f t  axes .  Opera t ing  v o l t a g e  is J 
fed t o  the motor c o n t r o l  windings from a m p l i f i e r  modules i n  t h e  PSA. J i i 
3.4.5 Readout P r o v i s i o n  
Angular p o s i t i o n  r e a d o u t  of telescope s h a f t  and t r u n n i o n  axe8 
is provided  by a n g l e  c o u n t e r s  w i t h i n  t h e  optical base. Telescope  
a n g l e  c o u n t e r s  are viewed through windows i n  t h e  t e l e s c o p e  p a n e l ,  
and are readable, by t h e  unaided e y e ,  t o  w i t h i n  0,02 degree, 
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3.4 .6  Drive  Assemblies 
Both t e l e s c o p e  s h a f t  and t r u n n i o n  axes  are d r i v e n  by motor 
g e n e r a t o r s  gearnd  t o  r e d u c t i o n  d r i v a s  located i n  t h e  optical base. 
The doub le  dove prism is  d r i v e n  about  the tvunnion axis  through a 
5,95281 gear r e d u c t i o n  ra t io ,  which i n c l ~ d e s  a p r e c i s i o n  worm and 
apur gear drive. (See items 7 and 8 ,  F i g u r e  3-3) Worn-driven meail 
is made a t  10 arc-seconds lead accuracy .  Spacial manufactur ing 
t e c h n i q u e s ,  such  as in te r fe ronha te r  i n s p e c t i o n ,  are employed t o  
a c h i e v e  this degree o f  p r e c i s i o n .  
S h a f t  a x i s  d r i v e s  are a f f o r d e d  by r e d u c t i o n  g e a r i n g  a t  a 2,976:l  
ratio.  he d i f f e r e n t i a l  assembly w i t h i n  t h e  s h a f t  gear t r a i n  per- 
m i t s  independent  s h a f t  a x i s  r o t a t i o n  w i t h o u t  i n t r o d u c t i o n  of r o t a -  
t i o n a l  e r r o r s  i n  t h e  t r u n n i o n  a x i s .  Both telescope t r u n n i o n  and 
shaf t  axes d r i v e  r a t e s  range from 50 arc-seconds per second LOS mini- 
mum t o  1 7  degrees p e r  second LO6 maximum. 
I 3.5 SEXTANT 
m he s e x t a n t  (F igure  3-61 is  a h i g h l y  a c c u r a t e  optical d e v i c e  
capable of measuring t h e  i n c l u d e d  a n g l e  between t w o  targets. Angular 
s i g h t i n g 8  of t w o  targets are made through a f i x e d  beam sp l i t te r  and 
movable mirror located i n  t h e  s e x t a n t  head. The s i g h t i n g  head 
a s s e m l y  i~ rotatable t o  270 degrees i n  s h a f t  a x i s  p o s i t i o n  i n  e i t h e r  
d i r e c t i o n ,  fram t h e  z e r o  r e f e r e n c e  p o i n t .  The s e x t a n t  l e n s  p rov ides  
1.8-degree t r u e  f i e l d  of view w i t h  28X m a g n i f i c a t i o n .  The movahle 
mirror is c a p a b l e  of s i g h t i n g  a target  t o  57 degrees LOS from t h e  
s h a f t  axis .  
I 3.5.1 D e s c r i p t i o n  
T h r e e  major assemblies of t h e  s e x t a n t  are similar t o  t h e  tele- 
scope: the t r u n n i o n  a x i s ,  s h a f t  a x i s ,  and optical  base s e c t i o n .  
The tgunnion  a x i s  assembYy i n c l u d s s  a movable mirror and mount, t w o  
f ixed-angle  mirrors, beam spli t ter  , t r u n n i o n  d r i v e  g \  4 r  ,~c.*x, resol- 
ve rrs , and  motor g e n e r a t o r .  (See F i g u r e  3-7) Thc &-me ,c, lents are 
mounted i n  t he  t r u n n i o n  a x i s  housing,  which h a s  a c y l i n d r i c a l  base 
a n d  t w o  vertical s u p p o r t s .  The gear box h i v e  is mounted on one 
s u p p o r t ,  and t h e  r e s o l v e r s  on t h e  other. Tne mirrors, beam spl i t ter ,  
and motor g e n e r a t o r  are mounted in t h e  c e n t e r  p o r t i o n .  The f i x e d  
a n d  movable mirrors are made of b e r y l l i w n ;  t h e  b e r y l l i u m  is  Kanigen 
coated and a luminized  t o  o b t a i n  m a x i m u m  r e f l e c t i v i t y .  
The s h a f t  a x i s  assembly comprises t h e  o b j e c t i v e  and i n t e r m e d i a t e  1 $ I 
optics, reticle, sha f t  d r ive  gear, and r e s o l v e r  rotor. These com- f 
I ponen t s  are mounted i n  t he  p r o t r u d i n g  t u b e  of t h e  s e x t a n t  base s e c t i o n  
I 
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Major s t r u c t u r a l  components of t h e  s h a f t  a x i 8  are made of beryl l ium. 
The a h a f t  axis d r i v e  gea r s ,  motor gene ra to r ,  r eoo lver  s t a t o r  and 
housing,  are enclosed i n  t h e  base assembly. The base s t r u c t u r a l  
cmponents, similar t o  t h e  s h a f t  a x i s  canponenta, are f a b r i c a t e d  
1 fram betylliwn. 
3.5.2 Prec io ion  Requirements 
Tho e e x t a n t  r e q u i r e s  highly a c c u r a t e  measurement of t h e  LOS 
ang le  b.tw.en t w o  selected t a r g e t s .  The mechanical accuracy of t h e  
t runn ion  axis is t w i c e  t h a t  of t h e  LOS requirement.  The inc reased  
I 
-+ 
accuracy is due t o  r i r r o r  r e f l e c t i o n  which doubles  any angula r  d i s -  
p l a c m e n t  i n  t runn ion  a x i s .  
3.5.3 Tarqe t  O p t i c s  I 
The s e x t a n t  t a r g e t  o p t i c s  i n c l u e e  an  indexing mirror assembly 
and a beam s p l i t t e r ,  t e l e scope ,  and eyepiece  assembly. F igure  3-8 
illustrates r e l a t i v e  p o s i t i o n  and l i g h t  tranemisrrrion func t ion  of 
t h e  four o p t i c a l  components of t h e  space s e x t a n t .  
The index mi r ro r  assembly con ta in s  t w o  f i x e d  m i r r o r s  set a t  a 
I 90-degree inc luded angle  and a movable mi r ro r .  The movable mirror 
i e  mounted on t h e  t runn ion  assembly and d r i v e n  i n  LOS angle  by t h e  
t runn ion  d r i v e  motor genera to r  through a usab le  angle  of 57 degrees. 
(See Figuro  3-7) The beam s p l i t t e r  is assembled t o  t h e  s e x t a n t  
I index head assembly. The head assembly is  mounted on t h e  s h a f t  a x i s  
aaaembly and d r i v e n  by a motor gene ra to r  i n  the o p t i c a l  baae. I t  
arm be rotated 270 degrees  i n  e i t h e r  d i r e c t i o n  from a ze ro  r e f e r ence  
p o i n t  about  t h e  s h a f t  a x i s .  
The s e x t a n t  t e l e scope  provides  high power magnif ica t ion  of two + ,  
. t a r g e t  images. Telescope components i nc lude  1.58 diameter, fS.5 1 
o b j e c t i v e  l e n s ,  an  in te rmedia te  l e n s  assembly, and i l l umina t ed  re- 
ticle. The two t a r g e t  images and t h e  reticle image are located i n  1 ; 
t h e  focal p l ane  of t h e  o b j e c t i v e  l e n s  assembly f o r  t h e  purpose of 
a l i g n i n g  t h e  t a r g e t  image. These components are a p a r t  of t h e  s h a f t  I 
a x i s  assembly. (See Figure  3-3.  ) i 
i' 
The s e x t a n t  eyepiece  assenbly  c o n s i s t s  of  t w o  r e l a y  hens and i I I I 
eye l e n s  assemblies. Together, t h e  l e n s  assemblies make up a tele- 
microscope of 0.34 inch focal length .  Ind iv idua l ly ,  t h e  r e l a y  l e n s e s  f , 
c o n t r i b u t e  approximately 3X magnif ica t ion ,  w h i l e  t h e  eye  lens con- i 
t r i b u t e s  2X magni f ica t ion  t o  t h e  28X telescope t o t a l  magnif ica t ion .  4 i
$ 
The s imultaneous s i g h t i n g  of two t a r g e t s  is accomplished by 
p o s i t i o n i n g  t h e  f i x e d  LOS of t h e  s e x t a n t  on one target, and pos i t i on -  r 
i n g  the movable mi r ro r  about t h e  s h a f t  and t runn ion  axes u n t i l  a 
second target i s  acquired.  (See Figure  3-8) L igh t  from t h e  first 
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Figure 3-7. Sextant Trunnion Axis Assembiy 
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Figure 3-8 .  Sextant ,  Optical Schematic 
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w 
target (A)  is passed through t h e  beam s p l i t t e r  w i t h  approximately  
20 p e r c e n t  t r a n s m i s s i o n *  L i g h t  from t h e  second t a r g e t  (B) i s  ac- 
q u i r e d  on t h e  index ing  mirror. T h i s  l i g h t  i s  r e f l e c t e d  by a  p a i r  
of f i x e d  m i r r o r s  back towards t h e  under s ide  of t h e  beam sp l i t t e r ;  
t h u s ,  t h e  beam spl i t ter  combines l i g h t  from both  targets i n t o  t h e  
l e n s  system. L i g h t  from b o t h  LOS ' s  passes through t h e  t e l e s c o p e  
l e n s  system i n  co inc idence .  The t e l e s c o p e  l e n s  system a f f o r d s  h igh  
power m a g n i f i c a t i o n  of t h e  t w o  target images. Magnified t a r g e t  
images are t h e n  t r a n s m i t t e d  from t h e  l e n s  system i n t o  t h e  eyep iece  
assembly. S i n c e  t h e r e  is c o n s i d e r a b l e  d i f f e r e n c e  i n  l i g h t  i n t e n s i t y  
I among v a r i o u s  s t a r  anC landmark targets,  t h e  s e x t a n t  o p t i c s  i s  de- 
s i g n e d  t o  p r o v i d e  a s u i t a b l e  c o n t r a s t  i n  l i g h t  i n t e n s i t i e s  f o r  t w o  
c o i n c i d e n t  images. (See F i g u r e  3-8) O v e r a l l  l i g h t  losses i n  t h e  
s e x t a n t  are such  t h a t  approximately  2 p e r c e n t  o f  t h e  impinging l i g h t  
i s  t r a n s m i t t e d  a long  p a t h  A ( f i x e d  LOS landmark target)  w h i l e  approxi -  
mate ly  38.5 p e r c e n t  o f  t h e  l i g h t  i s  t r a n s m i t t e d  a long  p a t h  R (movable 
mirror star t a r g e t )  . The s i g n i f i c a n t  d i f f e r e n c e  is due t o  t h e  80 
p e r c e n t  r e f l e c t i v i t y  of t h e  beam s p l i t t e r  s u r f a c e .  F u r t h e r  v a r i a t i o n  
i n  landmark i n t e n s i t y  is  provided  by use  of a polaroid f i l t e r  a t t a c h e d  
t o  t h e  beam s p l i t t e r .  
3.5.4 Servo  System 
The s e x t a n t  t r u n n i o n  and s h a f t  s e r v o  channe l s  ( F i g u r e  3-9)each 
u t i l i z e  two-speed r e s o l v e r  loops, bo th  coarse and f i n e .  The t r u n n i o n  
channel  i s  d r i v e n  a t  1 X  and 64X speeds and t h e  s h a f t  channel  a t  1/2X w 
and 16X speeds .  These loops are e x p l a i n e d  i n  paragraph  3.7.1. 
Two Bendix-type m u l t i p o l e  "pancake" r e s o l v e r s  are used i n  t run-  
n i o n  drive,  and b o t h  m u l t i p o l e  and c o n v e n t i o n a l  t y p e  r e s o l v e r s  i n  
s h a f t  d r i v e .  Both s h a f t  and t r u n n i o n  drive motor g e n e r a t o r s  are 
operated by i n p u t  c o n t r o l  v o l t a g e  s o u r c e  s u p p l i e d  from motor d r i v e  
a m p l i f i e r s  i n  t he  PSA, 
3.5.5 Dr ive  A s s e m b l i e s  
The s e x t a n t  i s  d r i v e n  by motor g e n e r a t o r s  and r e d u c t i o n  g e a r i n g  
i n  optical  base and t r u n n i o n  a x i s  assemblies. High p r e c i s i o n  gear- 
i n g  w i t h i n  t h e  base assembly affords 2,423:l  motor s h a f t  r e d u c t i o n  
for t r u n n i o n  dr ive  a x i s .  A t o r s i o n  s p r i n g  and cam arrangement,  
mounted on t h e  t r u n n i o n  drive mechanism, minimizes back lash  error 
i n  e i t h e r  d i r e c t i o n  of r o t a t i o n .  The s e x t a n t  t r u n n i o n  d r r v e  rate 
ranges  from 3 4  degrees per second LOS m a x i m u m ,  t o  100 arc-seconds 
per second LOS minimum. S e x t a n t  s h a f t  d r i v e  is  provided  by a 3,011:l 
I r e d u c t i o n  gea? box i n  t h e  optical base. The s h a f t  d r i v e  rate is 
frm 1 7  degrees per second LOS m a x i m u m ,  t o  50 arc-seconds p e r  second 
LOS minimum. 
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3.6 OPTICAL SUBSYSTEM MECHANIZATION u 
The o p t i c a l  subsystem mechanization p o s i t i o n s  t h e  s e x t a n t  and 
t e l e s c o p e  according to  command s i g n a l s  irom t h e  o p t i c s  hand con t ro l -  
ler. A s i m p l i f i e d  block diagram o f  t he  o p t i c 8  mechanization i a  
shown i n  Figure  3-10. 
The o p t i c s  funct ion8 i n  e i t h e r  t h e  manual, computer, or ze ro  
modes as s e l e c t e d  by t h e  as t ronaur .  The manual mode i 8  t he  normal 
o p t i c s  ope ra t i ng  mode. Zero mode is  used t o  au tomat ica l ly  d r i v e  
t h e  CDU to  z e r o  p o s i t i o n  p r i o r  t o  making an optical s igh t ing .  The 
I computer mode w i l l  be used i n  f u t u r e  sys t ems  to au tomat ica l ly  d r i v e  
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Figure  3-10. Opt ics  Mechanization, Block Diagram 
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The 
f o r  
The o p t i c s  subsystem mechanization is  accomplished wi th  i n t e -  
i n g  se rvo  loops and p o s i t i o n  s e r v o  loops  as shown in Figure 3-1G. 
i n t e g r a t i n g  se rvo  loops ope ra t e  as a coarse - f ine  r e s o l v e r  system 
I 
the sextant and as a coarse r e s o l v e r  system f o r  t h e  te lescope .  
3-18 
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They send p o s i t i o n  information from t h e  CDU t o  t h e  s e x t a n t  and tele- 
scope. The p o s i t i o n  s e rvo  loops r e c e i v e  t h e  p o a i t i o ~ r  informathon 
from t h e  CDU's and d r i v e  t he  s e rvo  motor6 t h a t  p o s i t i o n  t h e  t runn ions  
I and e h a f t a  of  t h e  s e x t a n t  and telescope. 
3.6.1 Modes of Operat ion 
The optics subsystem o p e r a t e s  i n  one of t h r e e  o p t i c s  modea and 
can be c o n t r o l l e d  i n  one of two c o n t r o l  modes. An o p t i c s  mode 
swi tch  on t h e  G 6 N i n d i c a t o r  c o n t r o l  pane l  enab le s  t h e  a s t r o n a u t  
t o  relect either t h e  manual, computer or z e r o  optics mode. I n  t h e  
manual mode, t h e  o p t i c s  may be d r i v e n  t o  a desired p o s i t i o n  w i t h  
t h e  optics hand c o n t r o l l e r .  I n  t h e  ze ro  optics mode, t h e  CDU's 
au toma t i ca l l y  d r i v e  t o  a zero  p o s i t i o n .  Both of t he se  modes a r e  
d i scussed  i n  de ta i l  la ter  i n  t h i s  chap te r .  The computer mode is n o t  
used i n  t h e  p re sen t  system. 
When t h e  optics mode s w i t c h  is  i n  t h e  manual p o s i t i o n ,  t h e  
a s t r o n a u t  may select either a direct or reso lved  c o n t r o l l e r  mode of 
ope ra t i on  by ope ra t i ng  t h e  c o n t r o l l e r  mode switch.  The d i r e c t  mode 
causes  t h e  image i n  t h e  o p t i c s  eyep iece  t o  move i n  a shaf t -cen te red ,  
p o l a r  motion i n  accordance wi th  t h e  optics hand c o n t r o l l e r  movement. 
I n  t h e  reso lved  mode, t h e  image moves up-down or  l e f t - r i g h t  i n  
accordance wi th  t h e  o p t i c s  hand c o n t r o l l e r  movement. 
Fi.gure 3-11 i n d i c a t e s  t h e  d i r e c t i o n  of  target image movement i n  
t h e  s e x t a n t  eyepiece  for movements of t h e  o p t i c s  hand controller i n  
both  t h e  direct and resolved mode. I n  direct mode, t h e  image moves 
i n  t h e  R ( r e f e r ence )  and M (measurement) coord ina te  system. I n  re- 
solved mode, t h e  image movement i s  i n  t h e  s p a c e c r a f t  %-Y coord ina t e  
system which is independent o f  t h e  s h a f t  angle .  I n  e i t h e r  mode, t h e  
RM coord ina t e  ~ y a t e m  is  rotated about  t h e  s h a f t  a x i s  through t h e  
ang le  As ( s h a f t  ang le ) .  
#lso, i n  t h e  resolved mode   haft r o t a t i o n  speed i e  au toma t i ca l l y  
reduced as t h e  t runn ion  ang1.e is increased .  The reduc t ion  i n  s h a f t  
speed is necessary  to  keep a c o n s t a n t  image motion rate f o r  va r ioua  
t runn ion  angles .  
3.6.2 CDU ~ e c h a n i z a t i o n  of O p t i c s  Subsystem 
I n  t h e  optics mechanization (Figure  3-12) ,  t h e  1 / 4 X  teso17,,!sr 
i n  t h e  t .runnion i n t e g r a t i n g  loop and the 1/2X r e s o l v e r  i n  t h e  s h a f t  
i n t e g r a t i n g  loop func t ion  as transmi tters . The 16X r e s o l v e r s  func- 
t i o n  as t rans formers  i n  both i n t e g r a t i n g  loops. The 1 / 2 X  r e s o l v e r  
i n  t h e  t runn ion  i n t e g r a t i n g  loop func t ions  as a v a r i a b l e  g a i n  device.  
The 1 X  r e s o l v e r  i n  t h e  rshaft loop r e s o l v e s  p o l a r  coord ina tes  i n t o  
r e c t a n g u l a r  coord ina tes  when the optics c o n t r o l l e r  mode swi tch  is i n  
t h e  resolved pos i t i on .  The coord ina te  t r a n s f ~ r m a t i o n  is  n o t  used 
i n  t h e  direct mode. 





In Direct Mode: Movement is along a coordinate system that is mtated through angle As. 
In Resolved Mode: Movement is along an X-Y axis (independent of As). 
*Angular limits are for illustration puxposes only. 
Figure 3-11. Sextant Target Image Motion 
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The 64-tooth encoder,  a8 used i n  t h e  optics subsystem, genere tea  
t w o  pulaoa per gear too th .  For ope ra t i on  of t h e  to leacope only ,  
each pu lae  r ep reaen t s  approximately LC arc-aeconds of motion of t h e  
1 / 4 X  r e a o l v e r  i n  t h e  t runnion loop (20 arc-aeconda LOS) and 20 arc-  
aeconda o f  motion of  the 1 / 2 X  r e s o l v e r  i n  the  a h a f t  loop. (40 arc- 
second. WS). When the a u c t a n t  i a  energ ized ,  on ly  one pu l se  p e r  
tooth i a  wed and r ep re sen t8  approximately 5 arc-aecondr of  motion 
of t h e  1 / 4 X  resolver irk t h e  t runn ion  loop (10 arc-aeconda LOS) . 
RCCt IVLR 
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Figure  3-12. Trunnion CDU Mechanization 
3.6.3 I n t e g r a t i n g  Servo Loops 
The shaft  and t runn ion  fn tegra t i .ng  s e r v o  loops(Pigure8  3-13 
and 3-14) conver t  t h e  e l e c t r i c a l  d r i v e  rate s i g n a l s  from tho  opttzrr 
hand c o n t r o l  t o  s h a f t  r o t a t i o n s  i n  the CDUas. The optics hand con- 
t ro l  and t h e  speed c o n t r o l  (not shown), enab le  t h e  a s t r o n a u t  t o  
c o n t r o l  the i n t e g r a t i n g  loops d r i v e  rates. The speed c o n t r o l  is a 
t rans former  with three taps on the secondary winding. The a s t r o -  
naut  may select t h e  desired maximum optics d r i v e  rate w i t h  a three- 
p o s i t i o n  swi tch  which selects the proper t ransformer  tap. The 
t runn ion  LOS maximum optics d r i v e  rates are: 8.56 degrees per second 
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for t h e  high s e t t i n g ,  1 .0  degree  per second for  t h e  medium s e t t i n g ,  W' 
and 0 . 1  degree  per second f o r  Lhe l o w  s e t t i n g .  The s h a f t  LO5 maxi- 
m~ drive rates are: 19 .1  degrees  per second a t  t h e  h igh  s e t t i n g ,  
1.0 degree p e r  second f o r  t h e  medium s e t t i n g ,  and 0 .1  degree  per 
second for t h e  low s e t t i n g .  The t r a n s f o r m e r  pr imary i s  e x c i t e d  w i t h  
28 v o l t s  f 1 p e r c e n t ,  800 c y c l e s  z e r o  phase.  The o p t i c s  hand c o n t r o l  
e ~ n s i s t s  of  a c o n t r o l  hand le ,  t w o  r e s o l v e r s  and dead zone swi tches .  
A S  t h e  c o n t r o l  handle  i s  moved by t h e  a s t r o n a u t ,  i t  p o s i t i o n s  t h e  
r o t o r s  of  t h e  r e s o l v e r s .  The r e s o l v e r  rotor windings  are e x c i t e d  
by t h e  o u t p a t  o f  t h e  spccd c o n t r o l .  The v o l t a g e  induced i n  t h e  re- 
~ o l v e r  s t a t o r  windings  w i l l  t h e n  depend upon t h e  r o t o r  winding ex- 
z i t a t i o n  and t h e  a n g u l a r  p o s i t i o n  o f  t h e  rotor. 
I n  t h e  direct mode, a f o r e - a f t  movement of t h e  c o n t r o l  hand le  
rc!nerates a t r u n n i o n  d r i v e  rate s i g n a l ,  A . A l e f t - r i g h t  movement 
f t n a r a t e s  a s h a f t  d r i v e  rate s i g n a l  A . *he d r i v e  rate s i g n a l s  are 
,,tw s e n t  th rough t h e  optics mode s d i t 8 h  to  t h e  c o n t r o l l e r  mode 
: r * i t c h  and t h e n  t o  t h e i r ,  r e s p e c f i v e  CDU motor d r i v e  p r e a m p l i f i e r s .  
; f t e r  p t e a m p l i f i c a t i o n ,  A and A are power a m p l i f i e d  i n  t h e  motor 
l i v e  amplifiers and are t h e n  u s f d  t o  d r i v e  t h e  rate-damped motor 
r c+ :hometer sets. The tachometers  p rov ide  a d e g a n e r a t i v e  feedback 
v F .tage f o r  t h e  premplif iers . The motors p o s i t i o n  t h e  components 
\ P B  t h e  C D U ' s  to  t h e  a n g l e s  A and A . The 1 / 4 ~  r e s o l v e r  i n  t h e  
T. - m n i o n  loop and ~ / Z X  resolkr i n  h e  s h a f t  loop t r a n s m i t  electrical 
a ,rlog voltages of At and A t o  t h e  s e x t a n t  and telescope p o s i t i o n  s 1, :')pS. 
The o p e r a t i o n  of t h e  i n t e g r a t i o n  loops d i f f e r  i n  the direct 
c.\ resolved modes, I n  t h e  r e s o l v e d  mode, t h e  d r i v e  sate s i g n a l s  
I: and At are t r a n s m i t t e d  from t h e  optics hand c o n t r o l l e r  t o  t w o  
r.Trolver d r i v e  a m p l i f i e r s .  The A s i g n a l  i s  amplified and applied 
! "  one rotor winding of t h e  1 X  re i fo lver  i n  t h e  s h a f t  CDU. The At 
n;;nal is  amplified and applied t o  t h e  o t h e r  rotor winding. The 
<,-utar  of the 1 X  r e s o l v e r  is p o s i t i o n e d  t o  t h e  a n g l e  A ( s h a f t  a n g l e ) .  
5:&,3 voltages induced i n  t h e  s tator  windings are a f u n k o n  cf t h e  
two i n p u t  v o l t a g e s  and t h e  s h a f t  a n g l e  
. . . (As COB As-At s i n  As and As s i n  A, + At COB A,). The p o l a r  coordi- 
n a t e  ( R a n d  M) d r i v e  rate s i g n a l s  are r e s o l v e d  by t h e  1 X  resolver 
i n t o  r e c t a n g u l a r  c o o r d i n a t e  ( X  and Y )  d*ive rate s i g n a l s .  (See 
. . 
F i g u r e  3-11) The s i g n a l  As s i n . A g  + At cos As) is  s e n t  d i r e c t l y  YI .;
frm the resolver stator winding t o  t h e  t r u n n i o n  i n t e g r a t i n g  loop  
motor d r i v e  preamplifier. 
I The o p e r a t i o n  of  t h e  t r u n n i o n  i n t e g r a t i n g  loop i n  t h e  r e s o l v e d  3 
mode is similar t o  o p e r a t i o n  i n  t h e  direct mode w i t h  t h e  a d d i t i o n  
of t he  1/2X r e s o l v e r .  The 1/2X r e s o l v e r  is used i n  c o n j u n c t i o n  w i t h  
a c o s e c a n t  a m p l i f i e r  t o  va ry  t h e  c o n t r o l  g a i n  o f  t h e  s h a f t  i n t e g r a -  
t i n g  loop  as a f u n c t i o n  of  t r u n n i o n  ang le .  
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Figure  3-13. I n t e g r a t i n g  Loop, Manual Direct Mode 
Figure 3-15 i s  a s i m p l i f i e d  diagram of the ga in  v a r i a t i o n  
c i r c u i t .  The ou tpu t  from t h e  1 X  r e s o l v e r  (A, cos  As - At s i n  As) 
des ignated  as 8, is summed with a negat ive  feedback vo l t age  from 
t h e  1/2x r e s o l v e r  s t a t o r  winding, des ignated  as C s i n  At. The 
summed v o l t a g e  i s  then  app l ied  t o  t h e  cosecant  ampl i f i e r .  The cose- 
c a n t  a m p l i f i e r  d e r i v e s  its name from the s i n e  feedback vol tage .  
Figure 3-15 a l s o  s h w s  the d e r i v a t i o n  of t he  cosecant  funct ion .  
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The o u t p u t  o f  t h e  c o s e c a n t  a m p l i f i e r ,  d e s i g n a t e d  C i s  e q u a l  
A cos A* - A s i n  As to s t . T h i s  o u t p u t  s e r v e s  as t h e  d r i v e  s i g n a l  
s i n  At 
i s  t r a n s m i t t e d  from t h e  c o s e c a n t  a m p l i f i e r  t o  t h e  p r e a m p l i f i e r  of 
t h e  shaft i n t e g r a t i n g  loop.  
T h e  coseczint  a m p l i f i e r  f u n c t i o n s  as a v a r i a b l e  g a i n  d e v i c e  
between t r u n n i o n  a n g l e s  o f  10  t o  60 d e g r e e s .  The g a i n  is  5.76 v o l t s  
per v o l t  ( f  10 p e r c e n t )  a t  10  d e g r e e s  and 1.16 v o l t s  p e r  v o l t  
( f  10 p e r c e n t )  a t  60 d e g r e e s .  T h i s  makes t h e  image a n g u l a r  v e l o c i t y  
i n d e p e n d e n t  o f  t h e  s i z e  o f  t h e  t r u n n i o n  a n g l e  by d e c r e a s i n g  t h e  
s h a f t  speed as  t r u n n i o n  a n g l e  i n c r e a s e s .  
- - - -  - - - - - -  ---- 
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F i g u r e  3-14. I n t e g r a t i n g  Loop, Manual Resolved Mode 
3-24 
When t h e  d r i v e  s i g n a l  from t h e  cosecan t  a m p l i f i e r  i s  a p p l i e d  
t o  t h e  s h a f t  i n t e g r a t i n g  loop  motor d r i v e  p r e a m p l i f i e r ,  t h e  loop  
o p e r a t e s  i n  a manner similar t o  t h a t  d e s c r i b e d  f o r  d i r e c t  mode. 
3.6.4 - Zero O p t i c s  Opera t ion  
The z e r o  o p t i c s  mode of o p e r a t i o n  i s  e s t a b l i s h e d  by t h e  a s t r o -  
n a u t  p r i o r  t o  maP4ng an o p t i c a l  s i g h t i n g .  I n  z e r o  o p t i c s ,  t h e  CDU 
s e r v o  loops  are o i l v e n  t o  e lec t r ica l  z e r o  and t h e  s h a f t  and t r u n n i o n  
axes  of t h e  s e x t a n t  fo l low t o  an optical  z e r o  based on t h e  c o a r s e  
r e s o l v e r  on ly .  
Zero o p t i c s  mode i s  i n i t i a t e d  when t h e  a s t r o n a u t  moves t h e  
o p t i c s  mode s w i t c h  on t h e  G & N i n d i c a t o r  c o n t r o l  p a n e l  to  t h e  z e r o  
o p t i c s  p o s i t i o n .  28 v o l t s  800 c p s  i s  then a p p l i e d  t o  t h e  CDU motor- 
tachometer  set. The tachometer  feedback v o l t a g e  i s  removed by re- 
l a y  a c t i o n  from t h e  motor d r i v e  p r e a m p l i f i e r  t h a t  has  been used i n  
o p e r a t e  and a p p l i e d  to t h e  o t h e r  motor d r i v e  p r e a m p l i f i e r  ( r e f e r  t o  
f i g u r e  3-16). The motor d r i v e  p r e a m p l i f i e r  a lso r e c e i v e s  an i n p u t  
v o l t a g e  through a two-speed swi tch .  The two-speed swi tch  i s  an  
e l e c t r o n i c  s w i t c h i n g  d e v i c e  which u s e s  d i o d e s  t o  a l low t h e  c o a r s e  
r e s o l v e r  o u t p u t  t o  d r i v e  t h e  loop  c l o s e  to z e r o  and t h e n  to  s w i t c h  
t o  t h e  f i n e  r e s o l v e r  o u t p u t  t o  r e f i n e  t h e  p o s i t i o n  to t h e  z e r o  
p o i n t .  Another set of r e l a y s ,  one i n  t h e  t r u n n i o n  loop  and one i n  
the s h a f t  l o o p ,  i s  e n e r g i z e d  i n  t h e  z e r o  o p t i c s  mode. These r e l a y s  
p rov ide  a r e f e r e n c e  v o l t a g e  t o  t h e  f i n e  r e s o l v e r s  f o r  z e r o  p o s i t i o n -  
i n g  of t h e  s e x t a n t  t r u n n i o n  and s h a f t  C D U ' s .  The s e x t a n t  p o s i t i o n  
coarse s e r v o  loops  d r i v e  t h e  s e x t a n t  o p t i c s  to  an o p t i c a l  z e r o  
p o s i t i o n .  
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3.7 POSITION SERVO LOOF'S 
The p o s i t i o n  s e r v o  loops  p o s i t i o n  t h e  o p t i c s  t runn ion  and s h a f t  
i n  accordance  w i t h  p o s i t i o n  i n f o r m a t i o n  t r a n s m i t t e d  from t h e  i n t e -  
g r a t i n g  s e r v o  loops .  
3.7.1 S e x t a n t  - P o s i t i o n  Servo  Loop Opera t ion  
The s e x t a n t  t r u n n i o n  and s h a f t  p o s i t i o n  loops  (F igure  3-17) 
a r e  two-speed ( c o a r s e - f i n e )  loops .  Each t r u n n i o n  loop  u s e s  a 1X 
r e s o l v e r  t o  r e c e i v e  t h e  c o a r s e  A p o s i t i o n  s i g n a l  from t h e  1 / 4 X  !i r e s o l v e r  t r a n s n r i t t e r  i n  t h e  t r u n  i o n  i n t e g r a t i n g  loop.  The c o a r s e  
A s i g n a l  is  compared w i t h  t h e  v a l u e  o f  A e x i s t i n g  i n  t h e  p o s i t i o n  
l&op. If t h e  A s i g n a l  magnitudes are lar&e enough, t h e  two-speed 
s w i t c h  r o u t e s  it through t h e  motor d r i v e  p r e a m p l i f i e r  t o  t h e  motor 
d r i v e  a m p l i f i e r .  The a m p l i f i e r  o u t p u t  d r i v e s  t h e  motor-tachometer.  
When t h e  coarse A A s i g n a l  magnitude becomes too s m a l l  t o  p a s s  
through t h e  two-spee& s w i t c h ,  t h e  f i n e  A A s i g n a l  i s  swi tched  i n t o  
t h e  c i r c u i t  to r e f i n e  t h e  t r u n n i o n  positioh. 
The p o s i t i o n  loop f i n e  A i s  developed i n  a 64X r e s o l v e r  and 
t r a n s m i t t e d  back t o  t h e  16X r e s o l v e r  r e c e i v e r  i n  t h e  t r u n n i o n  i n t a -  
g r a t i n g  loop .  A t  t h i s  p o i n t ,  a f i n e  A A s i g n a l  i s  developed and 
s e n t  t o  the two-speed s w i t c h  t o  e v e n t u a l f y  d r i v e  t h e  t r u n n i o n  p o s i -  
t i o n  loop as d e s c r i b e d  p r e v i o u s l y .  
The s e x t a n t  s h a f t  p o s i t i o n  l o o p  o p e r a t e s  i n  t h e  same manner as 
t h e  t r u n n i o n  p o s i t i o n  loop excep t  t h a t  a 1 / 2 X  r e s o l v e r  i s  used f o r  
coarse p o s i t i o n i n g  and a 16X r e s o l v e r  is used f o r  f i n e  p o s i t i o n i n g .  
3.7.2 Telescope P o s i t i o n  Servo Loop C p e r a t i o n  
The t e l e s c o p e  p o s i t i o n  s e r v o  loops  ( F i g u r e  3-18) d i f f e r  from 
t h e  s e x t a n t  p o s i t i o n  loops  i n  t h a t  they are s ingle-speed  s e r v o  hoops 
(coarse o n l y ) .  The t r m n i o n  loop  also u t i l i z e s  t w o  r e l a y s  f o r  25- 
degree and zero-degree o f f s e t  o p e r a t i o n ,  
The t e l e s c o p e  t r u n n i o n  p 0 s l t i 0 n  loop  r e c e i v e s  At command s i g n a l s  
f r o m  t h e  1 / 4 X  r e s o l v e r  t r a n s m i t t e r  i n  t h e  t r u n n i o n  i n t e g r a t i n g  loop.  
 he A s i g n a l  i s  s e n t  t o  t h e  25-degree offset  r e l a y  and t h ~  zero-  
degree o f f s e t  r e l a y .  I f  t h e  a s t r o n a u t  h a s  n o t  s e l e c t e d  e i t h e r  o f f s e t  
t h e  r e l a y s  w i l l  be deenerg ized  and w i l l  r o u t e  A t o  t h e  1 X  r e s o l v e r  
r e c e i v e r  i n  t h e  p o s i t i o n  loop.   he r e s o l v e r  r e b e i v e r  compares t h e  
v a l u e s  of i n t e g r a t i n g  loop A and p o s i t i o n  l o o p  A t o  Gevelop a 
A A s i g n a l  i s  a p p l i e d  t o  t h f  motor d r i v e  preamplEfier .  The pre-  
ampfifier o u t p u t  d r i v e s  t h e  motor-tachometer u n t i l  A At i s  c a n c e l l e d .  
KOLLSMAPI INSTRUMENT CORPORATION 
l o  t r  no OPTICS REI AV t-- -- ---- -- ( TRUNNION C 0 U ) 
FROU RiSOl.Vf R Tr)ANSMIT T I  R 3 x -- -- 1 1 
_ _ _ - - - - - -  
- 4  f WO 
F RdM SPE C 9  
RESOLVt SWITCH 
l R Q M  RE SOLVER TRANSMIT 1 ER 4 X I ISHAT 1 C D U) 1 
I i 
Figure 3-17. Sextant P o s i t i o n  Loop 
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When A A i s  c a n c e l l e d  t h e  t e l e s c o p e  t r u n n i o n  i s  p o s i t i o n e d  a t  t h e  
p r o p e r  v h l u e  of A . I f  t h e  a s t r o n a u t  h a s  selected e i t h e r  t h e  25- 
degree  o f f  set o r  h r o - d e g r e e  o f f s e t  f o r  t h e  o p t i c s ,  t h e  r e s p e c t i v e  
r e l a y  w i l l  be e n e r g i z e d  and w i l l  r e p l a c e  t h e  A s i g n a l  from t h e  
i n t e g r a t i n g  loop w i t h  a v o l t a g e  t o  d r i v e  t h e  t e l e s c o p e  t runn ion  t o  
t h e  d e s i r e d  o f f  set p o s i t i o n .  
The t e l e s c o p e  s h a f t  p o s i t i o n  loop does  n o t  have t h e  o f f s e t  
r e l a y s  i n  i t s  c i r c u i t r y .  The A s i g n a l  i s  t r a n s m i t t e d  from t h e  
1/2X r e s o l v e r  t r a n s m i t t e r  i n  t h e  s h a f t  i n t e g r a t i n g  loop  d i r e c t l y  
t o  a 1 / 2 X  r e s o l v e r  r e c e i v e r  i n  t h e  s h a f t  p o s i t i o n  loop.  The r e s o l v e r  
r e c e i v e r  compares t h e  i n t e g r a t i n g l o o p  A w i t h  t h e  p o s i t i o n  loop  As 
t o  deve lop  a A A s i g n a l .  The A A s i g a a l  i s  s e n t  t, t h e  motor- 
d r i v e  preamplif  i8r. The preampli f  aer o u t p u t  d r i v e s  t h e  motor-tacho- 
meter t o  c a n c e l  t h e  A A s i g n a l .  When A A i s  cancel . led,  t h e  tele-9 
scope s h a f t  i s  a t  t h e  d e s i r e d  aRgle. 
The t e l e s c o p e  p o s i t i o n  s e r v o  loops  have a manual i n p u t  device 
and are provided  w i t h  r eadou t  c o u n t e r s  f o r  A and Pg. The s e x t a n t  E p o s i t i o n  loops do n o t  have manual i n p u t s  o r  eadou t  coun te r s .  
3.8 POWER SUPPLIES 
The 28--volt  dc prime power f o r  t h e  optical subsystem i s  pro- 
v ided  by t h e  s p a c e c r a f t  +28-vol t  dc  f u e l  cells o r  batteries and i s  
r o u t e d  through t h e  dc bus  t o  t h e  o p t i c a l  subsystem power s u p p l i e s ,  
p a n e l s ,  and r e l a y s .  The ac v o l t a g e  i n p u t s  are s u p p l i e d  as 5 -vo l t  
s i g n a l  p u l s e s  t o  t h e  o p t i c a l  subsystem power s u p p l i e s  from t h e  
AGC scaler. 
3.8.1 Optics  800-CPS Power Supply 
The t w o  optics 800-cps power ,suppl i .es  are located i n  t h e  CDU 
PSA t r a y  6,. They are i d e n t i c a l  t o  t h e  GOO-cps s u p p l i e s  o f  t h e  i n -  
e r t i a l  subsystelm. The o u t p u t  +kdrn t h e  800-cps, l - p e r c e n t  supply  
is used for  CDU tachometer  and r e s o l v e r  e x c i t a t i o n .  The o u t p u t  of  
the 890-cps, 5-percent  supply  is used f o r  CDU servomotor e x c i t a t i o n  
and f o r  s e x t a n t  power. 
3.8.2 O p t i c s  25.6 KC Power Supply 
The optics 26.6-kc power supp ly  is located i n  PSA t r a y  2.  I t  
is i d e n t i c a l ,  t o  t h e  i n e r t i a l  25.6-kc power supply .  The o u t p u t  o f  
t h e  optics 15.6-kc power ~ , p p l y  i s  used t o  p rov ide  optics encoder  
e x c i t a t i o n .  
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3.9 DISPLAY AND CONTROL PANELS 
The lower d i s p l a y  and c o n t r o l  p a n e l s  p r c v i d e  t h e  n a v i g a t o r  
w i t h  a means o f  manual ly  c o n t r o l l i n g  and mon i to r ing  G 6 N sys tem 
o p e r a t i o n .  The lower d i s p l a y  and c o n t r o l  p a n e l s  c o n t a i n  t're n a n e l s  
r e q u i r e d  t o  rnonitor  and c o n t r o l  t h e  o p t i c a l  subsys tem.  The se 
p a n e l s  a r e  t h e  G 6 N i n d i c a t o r  c o n t r o l  p a n e l ,  t h e  o p t i c a l  p n n e l ,  
and t h e  map and d a t a  v i ewer .  
G and  N I n d i c a t o r  C o n t r o l  P a n e l  
The G & N i n d i c a t o r  c o n t r o l  p a n e l  ( F i g u r e  3-19) c o n t a i n s  t h t  
c o c ~ t r o l s  u sed  t o  o p e r a t e  t h e  o p t i c a l  subsys tem.  These c o n t r o l s  
are t h e  op-ics hand c o n t r o l l e r ,  s e x t a n t  power s w i t c h ,  a t t ics  mode 
c o n t r o l  selector, tracker b u t t o n ,  d i r e c t - r e s o l v e d  s w i t c h ,  s l a v e  
t e l e s c o p e  s w i t c h ,  mark b u t t o n ,  and o p t i c s  speed  s w i t c h .  The p a n e l  
a l s o  c o n t a i n s  photometer  c o n t r o l s  t o  be  u t i l i z e d  i n  f u t u r e  sys tems .  
The optics hand c o n t r o l l e r  p o s i t i o n s  t h e  s e x t a n t  and t e l e s c o p e  
abot;t t h e  optics t r u n n i o n  and s h a f t  axes. The c o n t r o l  s t i c k  c a n  
be moved up or down and l e f t  or  r i g h t .  The a n g u l a r  rate o f  t r a v e l  
of t h e  o p t i c a l  l i n e - o f - s i g h t  is p r o p o r t i o n a l  t o  t h e  s t i c k  p o s i t i o n .  
A s w i t c h  dead zone p r e v e n t s  t h e  o p t i c s  s e r v o  l o o p s  from moving t h e  
o p t i c s  when t h e  c o n t r o l  s t i c k  i s  a t  c e n t e r  p o s i t i o n .  
The s e x t a n t  power s w i t c h  is a t o g g l e  s w i t c h  t h a t  a p p l i e s  power 
t o  t h e  s e x t a n t .  The s e x t a n t  power is  separate from t h e  rest o f  
t h e  optics subsystem. A a i g n a l  i n d i c a t i n g  o p e r a t i o n  o f  t h e  s e x t a n t  
power s w i t c h  i s  s e n t  t o  t h e  AGC and t o  t h e  decoder to  change t h e  
t r u n n i o n  " b i t s  p e r  t o o t h " .  
The optics mode c o n t r o l  selector is  a p o s i t i o n  r o t a r y  s w i t c h  
which selects t h r e e  o p t i c  modes of o p e r a t i o n :  z e r o  optics, manual,  
and computer .  
Xn the z e r o  optics mshc, t h e  CDU r e s o l v e r  feedback  l o o p  is 
closed and e x c i t a t i o n  is a p p l i e d  t o  t h e  CDU t achomete r  t o  d r i v e  t h e  
CDU resolvers to  eleztri ,cal ze ro .  
I n  t h e  manual mode t h e  s e x t a n t .  and t e l e s c o p e  can  be c o n t r o l l e d  
by the o p t i c s  hand c o n t r o l l e r  f o r  normal o p e r a t i o n s .  
The computer  mode is  n o t  used  i n  t h e  p r e s e n t  G 6 N sys tem b u t  
i s  i n c l u d e d  f o r  u s e  i n  t h e  f u t u r e .  The t r a c k e r  b u t t o n  is a push- 
b u t t o n  s w i t c h  which c o n t r o l s  a p p l i c a t i o n  o f  power t o  t h e  o p t i c a l  
t r a c k e r  f o r  a u t o m a t i c  t r a c k i n g  o f  a s ta r  or o t h e r  l i g h t  s c u r c e .  
F i g u r e  3-19, G 6 N I n d i c a t o r  C o n t r o l  Pane l .  Optical  Subsystem 
The d i r e c t - r e s o l v e d  s w i t c h  is a two-pos i t ion  t o g g l e  swi tch  
( d i r e c t  and r e s o l v e d )  which p r o v i d e s  LOS movement i n  t h e  RM coordi- 
n a t e  sygtem and XY c o o r d i n a t e  system,  r e s p e c t i v e l y .  See Figure  3-11. 
With t h e  d i r e c t - r e s o l v e d  s w i t c h  i n  direct p o s i t i o n  the s h a f t  
and t r u n n i o n  a x i s  s e r v o s  are commanded d i r e c t l y  by t h e  o p t i c s  hand 
c o n t r o l l e r  s t i c k .  R i g h t - l e f t  motion of t h e  s t i c k  c o n t r o l s  nega t ive -  
positive s h a f t  r o t a t i o n ;  up-down motion of t h e  s t i c k  c o n t r o l s  t h e  
j n c r e a s e  or  d e c r e a s e  of t h e  t r u n n i o n  ang le .  
With t h e  d i r e c t - r e s o l v e d  switch i n  t h e  r e s o l v e d  p o s i t i o n ,  t h e  
i n p u t s  to the s h a f t  and t r u n n i o n  axes command s e r v o  are reso lved .  
~ i g h t - l e f t  and up-down movements o f  t h e  optics hand c o n t r o l l e r  
s t i c k  r e s u l t  i n  r i g h t - l e f t  and up-down m ~ t i o n s  of t h e  f i e l d s  of 
view. 
Tht, s l a v e  telescope switch i s  a t h r e e - p o s i t i o n  toggle s w i t c h  
which i o  used to a l i g n  t h e  telescope t r u n n i o n  a x i s  f o r  n a v i g a t i o n  
f i x e s .  When ate s l a v e  telescope s w i t c h  i s  a t  t h e  landmark LOS zero- 
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d e g r e e  s e t t i n g ,  t h e  t e l e s c o p e  t r u n n i o n  i s  d r i v e n  t o  z e r o .  A t  t h e  
o f f se t  25-degree p o s i t i o n  of t h e  s w i t c h ,  t h e  telescope t r u n n i o n  i s  
i t r i ven  t o  a 25-degree o f f s e t  f?.om t h e  s h a f t  axis.  With t h e  tele- 
scope  t r u n n i o n  o f f s e t  25  d e g r e e s ,  t h e  landmark can  be h e l d  i n  t h e  
2-degree c i rcle  and t h e  s h a f t  a x i s  i s  r o t a t e d  t o  a c q u i r e  t o  a t a r g e t  
s t a r .  When t h e  t a r g e t  s t a r  h a s  been  a c q u i r e d ,  t h e  s t a r  LOS p o s i t i o n  
of t h e  s l a v e  t e l e s c o p e  s w i t c h  is selected. When t h e  s l a v e  t e l e s c o p e  
swj.tch i s  a t  t h e  s t a r  LOS p o s i t . i o n  t h e  t e l e s c o p e  t r u n n i o n  a x i s  i s  
s l a v e d  t o  t h e  s e x t a n t  l i n e - o f - s i g h t .  
The mark  b u t t o n  i s  a momentary c o n t a c t  p u s h b u t t o n  s w i t c h  which 
, s u p p l i e s  a n  i n t e r r u p t  s i g n a l e t o  t h e  AGC t o  permit i n s e r t i o n  o f  
o p t i c a l  a n g l e s ,  t i m e  o f  measurement,  and if t h e  I M U  i s  o p e r a t i n g ,  
t h e  I M U  g imbal  a n g l e s .  
The o p t i c s  speed  s w i t c h  is a t h r e e - p o s i t i o n  t o g g l e  swit;ch which 
selects t h r e e  r a n g e s  of speed  c o n t r o l  for t h e  o p t i c s  hand c o n t r o l l e r .  
The a t t i t u d e  impulse  c o n t r o l s  are u s e d  t o  c o n t r o l  t h e  a t t i t u d e  
of t h e  s p a c e c r a f t .  These c o n t r o l s  are t h e  a t t i t u d e  impul.se d i s a b l e  
b u t t o n  and t h e  a t t i t u a e  impu l se  c o n t r o l .  The a t t i t u d e  impu l se  d i s -  
a b l e  b u t t o n  t r a n s f e r s  s p a c e c r a f t  a t t i t u d e  c o n t r o l  t o  t h e  minimum 
impu l se  c o n t r o l l e r .  The a t t i t u d e  i m p u l s e  c o n t r o l  is  a th ree-degree-  
of-freedom, p e n c i l - t y p e  c o n t r o l l e r  used  t o  c o n t r o l  s p a c e c r a f t  a t t i t u d e  
with the a t t i t u d e  impulse jets. T h i s  c o n t r o l  c a n  a p p l y  i n d i v i d u a l  
or  any  combina t ion  of r o l l ,  yaw, and  p i t c h  impu l se s .  The a t t i t u d e  
impu l se  c o n t r o l  h o l d s  s p a c e c r a f t  d r i f t  t o  a minimum when o p t i c a l  
measurements are made. 
3.9.2 O p t i c a l  P a n e l  
 he opt ica l  p a n e l  c o n t a i n s  t h e  e y e p i e c e s  for t h e  t e l e s c o p e  and 
s e x t a n t  and also con ta i -n s  f i t t i n g s  and r e a d o u t s  used  d u r i n g  p o s i t i o n -  
i n g  of t h e  t e l e s c o p e .  I t  i s  located i n  t h e  c e n t e r  of t h e  lower d i s -  
p l a y  and c o n t r o l  p a n e l .  
The telescope i s  a s i n g l e  l i n e - o f - s i g h t  i n s t r u m e n t  used t~ make 
n a v i g a t i o n a l  measurements d u r i n g  e a r t h  or l u n a r  o rb i t .  I t  also i s  
used  t o  a c q u i r e  landmarks or st&rs for  n a v i g a t i o n a l  f i x e s .  The tele- 
scope  i s  located o? t h e  r i g h t  side o f  t h e  o p t i c a l  panel. The nav i -  
g a t o r  can  p o s i t i o n  t h e  e y e p i e c e  . use e i t h e r  of t w o  l e n s  a s s e m b l i e s  
f o r  v iewing  a ta rget .  One lens '  a,bembly p r o v i d e s  a 60-degree f i e l d  
of view,  the o t h e r  l e n s  assembly p r o v i d e s  a 3 X ,  20-degree f i e l d  of 
view. 
The s e x t a n t  i s  a p r e c i s i o n ,  d u a l  l i n e - o f - s i g h t  i n s t r u m e n t  used  
t ~7 make a n g u l a r  measurement between s t a r  and 1,andmark or t o  make 
s i n g l e  star s i g h t i n g s .  A 2 8 X ,  1.8-degree f i e l d  o f  view is p r o v i d e d  
for  each s e x t a n t  LOS. The s e x t a n t  c o n t a i n s  o c ~ l y  one e y e p i e c e  and 
i s  l o c a t e d  on t h e  l e f t  s i d e  o f  t h e  o p t i c a l  p a n e l .  
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T h e  telescope manual c o n t r o l  a l l o w s  t h e  n a v i g a t o r  to  o p e r a b e  
t h e  t e l e s c o p e  manua l ly  when s e r v o  c o n t r o l  i s  n o t  p o s s i b l e .  T h e  
manual c o n t r o l s  c o n s i s t s  of a l l e n - h e a d  f i t t i n g s  r e c e s s e d  i n  t h e  o p t i c s  
p a n e l .  M a n i p u l a t i o n  o f  one a l l e n - h e a d  f i t t i n g  p o s i t i o n s  t h e  tele-  
s c o p e  t r u n n i o n  a n g l e .  Another  a l l e n - h e a d  f i t t i n g  p o s i t i o n s  t h e  tele- 
s c o p e  s h a f t  a n g l e .  The t e l e s c o p e  s h a f t  and t r u n n i o n  a x e s  a n g l e s  a r e  
d i s p l a y e d  by c o u n t e r s  on t h e  o p t i c s  p a n e l .  These c o u n t e r s  a re  
a c c u r a t e  w i t h i n  0.02 d e g r e e .  
3.10 MAP AND DATA VIEWER 
The map a n d  d a t a  v iewer  p r o v i d e s  v i s u a l  d i s p l a y  of p e r t i n e n t  
da ta  f o r  a s t r o n a u t  o r i e n t a t i o n  and a lso  c o n t a i n s  11 lamps which 
i n d i c a t e  t h e  s t a t u s  o f  c r i t i c a l  G & N sys tem c i r c u i t s .  (See  F i g u r e  
3-20) 
I n f o r m a t i o n ,  such a s  n a v i g a t i o n  char ts ,  computer  s e t t i n g s ,  
f l i g h t  i n s t r u c t i o n s ,  e tc . ,  i s  c o n t a i n e d  on  1 6 - m i l l i m e t e r  f i l m  and 
stored i n  mechanized c a r t r i d g e s  . Each c a r t r i d g e  h o l d s  s u f f i c i e n t  
f i l m  t o  c a t a l o g u e  2,000 separate frames of d a t a .  The data  i s  pro-  
jected o n t o  t h e  rear of a s c r e e n  and i s  viewed from t h e  f r o n t  of 
t h e  map and  data v i ewer  p a n e l .  
The 11 c o n d i t i o n  lamps are mounted v e r t i c a l l y  on  t h e  map and 
d a t a  v i e w e r  f r o n t  p a n e l .  When l i t ,  e a c h  lamp i n d i c a t e s  a G & N 
c i rcu i t  malf  u n c t i o n .  
3 .10 .1  F u n c t i o n a l  and O p e r a t i o n a l  D e s c r i p t i o n  
P e r t i n e n t  informabeion,  stored on i n d i v i d u a l  f i l m  f rames ,  i s  
selected by t h e  a s t r o m a u t  i n  much t h e  same manner employed f o r  pro-  
j e c t i n g  s t a n d a r d  m i c r o f i l m  p i c t u r e s  on  a s c r e e n .  A s p e c i a l l y  b u i l t  
p r o j e c t i o n  lamp i l l u m i n a t e s  the selected frame. The frame image is  
projected o n t o  b e r y l l i u m  mirrors w i t h i n  t h e  map and data v i ewer ,  
and  reflected o n t o  t h e  back of a t r a n s l u c e n t  s c r e e n  (See F i g u r e  3-21). 
S c i e e n  d i s p l a y s  are viewed th rough  a 6- inch  by 8-inch open ing  i n  t h e  
f r o n t  p a n e l .  
Map and data v iewer  c o n t r o l s  are l o c a t e d  on t w o  i n d i v i d u a l  
p a n e l s .  Manual o p e r a t i n g  and  a d j u s t m e n t  c o n t r o l s  are i n  the map and 
data v i e w e r  f r o n t  p a n e l  assembly:  o t h e r  o p e r a t i n g  c o n t r o l s  are 
located on t h e  G & N p a n e l .  The c o n t r o l s  and  t h e i r  r e s p e c t i v e  
f u n c t i o n s  are as ~ O ~ ~ O W S :  
1. Focus a d j u s t m e n t  - manual,  p r o v i d e s  a d j u s t m e n t  of 
p r o j e c t o r  l e n s  to allow a l i g n m e n t  o f  p r o j e c t e d  
f i l m  image s i z e  w i t h  v iewing s c r e e n .  
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F i g u r e  3-20 .  Map and Data V i e w e r  
2 .  Reticle a d j u s t m e n t  - manual ,  p r o v i d e s  l a t e r a l  a d j u s t -  
ment  o f  v iewing s c r e e n  t o  e n a b l e  t h e  a s t r o n a u t  t o  
a l i g n  t h e  p r o j e c t e d . i m a g e  w i t h  reticle i n d i c e s  on t h e  
s c r e e n  f a c e ,  t h u s  p r o v i d i n g  measurement of c o o r d i n a t e  
p o s i t i o n s  on  p r o j e c t e d  maps. 
3. Manual frame selrctro, p r o v i d e s  manual  handwheel c o n t r o l  
for v e r n i e r  a d j u s t m e n t  o f  p r o j e c t e d  image. A l s o ,  s e r v e s  
as s t a n d b y  f i l m  frame selector i n  t h e  e v e n t  o f  remote 
- - 
c o n t r o l  ma l func t ion .  
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4 ,  Step  silm c o n t r o l ,  p rov ides  remote o p e r a t i n g  c o n t r o l  
fo r  t r a n s f e r r i n g  f i l m  i n  s i r ig l e  frame increments ,  
5 ,  S l e w  f i l m  c o n t r o l ,  p r o v i d e s  remote o p e r a t i n g  c o n t r o l  
f o r  d r i v i n g  f i l m  a t  speed  from 0 to  20 frames p e r  
second.  
The map and d a t a  viewer  c o n s i a t s  of t h e  fo l lowing  major func- 
t i o n a l  components: c a r t r i d g e ,  g e a r  box, p a n e l  and door ,  o p t i c s ,  
and e l e c t r o n i c s  a s sembl ie s .  D e s c r i p t i v e  and f u n c t i o n a l  in fo rmat ion  
on t h e s e  assemblies i s  provided  i n  t h e  . fol lowing paragraphs ,  Most 
s t r u c t u r a l  parts  of t h e  components are f a b r i c a t e d  from bery l l ium.  
O v e r a l l  p h y s i c a l  dimensions of t h e  map and d a t a  viewer  are: h e i g h t ,  
9 i n c h e s ;  l e n g t h ,  2 4  i n c h e s ;  and wid th ,  9 i n c h e s ,  
3.10.2 D e s c r i p t i o n  of O p t i c s  
Map and data viewer o p t i c a l  components c o n s i s t  o f  condensing 
l e n s e s ,  a d i c h r o i c  mirror, focus ing  l e n s ,  and t w o  p o l i s h e d ,  n i c k e l -  
coa ted  b e r y l l i u m  mirrors. (See F i g u r e  3-21) 
The optical  system i s  des igned  to  p r o v i d e  maximum p o s s i b l e  re- 
s o l u t i o n  and m a g n i f i c a t i o n ,  The optics d e l i v e r  18.5: l  mini-urn mag- 
n i f i c a t i o n  w i t h  a r e s o l u t i o n  of  7 l i n e s  p e r  m i l l i m e t e r ,  
~ i g h t  from t h e  p r o j e c t i o n  lamp is  t r a n s m i t t e d  through t h e  con- w 
dens ing  l e n s  o n t o  a d i c h r o i c  rnirg~r. The mirror reflects l i g h t  and 
also t r a n s f e r s  thermal  ene rgy  from t h e  p r o j e c t o r  lamp t o  a h e a t  s i n k  
assembly. Reflected l i g h t  from t h e  d i c h r o i c  mirror is then  brought  
i n t o  t h e  cartridge f i lm gate. From t h e  f i lm  gate, the image i s  
p r o j e c t e d  t o  a pair  of  be ry l l ium mirrors and focused  on t h e  back of  
t h e  viewing s 'creen.  
3 ,10,  3 Cartridge and Gear Box Assembly 
The c a r t r i d g e  assembly is  an i n t e r c h a n g e a b l e  f i l m  storage 
c o n t a i n e r .  (See F i g u r e  3-22) Each cartridge assgmbly i s  pre loaded  
wi th  approximate ly  50 f e e t  of $6-mi l l imeter  color f i l m .  
The assembly comprises a hoysing,  t w o  spools, f i l m  gate, d r i v e  
sprockets , '  and gears. Gears ( A ,  F i g u r e  3-22) and (b) of t h e  in -  
s ta l led  cartridge ex tend  beqpond t h e  aluminum housing t o  engage d r i v -  
ing  components o f  t h e  gear box a~sembly. Cartridge gear assembly (c) is  a s p e c i a l l y  des igned  d r i v e ' g e a r  arrangement.  I n c o r p o r a t i o n  
cf t h e  dr ive assembly (C)  provides a n g u l a r  c o r r e l a t i o n  between 
d r i v e  s p r o c k e t s  (D) and t h e  e x t e r n a l  g e a r  assembly. 
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Figure 3-22. Map and Data V i e w e r  C a r t r i d g e  Assembly 
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Gear box components i n c l u d e  hous ing ,  drive motor, r e s o l v e r ,  
c l u t c h ,  and g e a r  assemblies. S l i p  c l u t c h  and o v e r r i d e  c l u t c h  
a s s e m b l i e s  are i n s t a l l e d  between t h e  s p r o c k e t  d r i v e  s h a f t  and s p o o l  
d r i v e s .  During o p e r a t i o n ,  r e d u c t i o n  g e a r  d r i v e  s h a f t  v e l o c i t y  re- 
mains c o n s t a n t ;  however,  f i l m  s p e e d  can  v a r y  a c c o r d i n g  t o  t h e  r a d i u s  
change r e s u l t i n g  from spool take-up.  The s l i p  c l u t c h  a r rangement  
a l l o w s  t h e  f eed -ou t  s p o o l  t o  unwind un i fo rmly  r e g a r d l e s s  o f  f i l m  
s p e e d  changes .  
3.10.4 P a n e l  and Door Assembly 
The p a n e l  i s  a r i g i d  s t r u c t u r e  f a b r i c a t e d  from l - i n c h  b e r y l l i u m  
The bot tom and sides are permanent ly  f a s t e n e d  a t  t h e  edges and 
c o r n e r s .  
~ c c e s s  t o  t h e  map and d a t a  v i e w e r  components i s  g a i n e d  by u s e  
of a swingout  door mounted on t h e  map and data v i ewer  p a n e l .  Com- 
p o n e n t s  of t h e  door assembly i n c l u d e  p r o j e c t i o n  lamp and mount, 
d i c h r o i c  mirror,  condens ing  l e n s ,  and h e a t  s i n k  (See F i g u r e s  3-20 
and 3-21).  When n e c e s s a r y ,  c a r t r i d g e  change,  f o c u s  a d j u s t n e n t ,  and 
map and  data v i ewer  component may be r e p l a c e d .  The d e s i g n  o f  t h e  
door assembly f a c i l i t a t e s  t h e s e  o p e r a t i o n s .  
3.10.5 E L e c t r o n i c a  Packaqe 
The map and data v i ewer  e l e c t r o n i c s  assembly comprises a welded 
module i ~ :  l u d i n g  f o u r  r e l a y s  and t r a n s i s t o r i z e d  components. The 
c i r c u i t r y  i n c o r p o r a t e s  n e c e s s a r y  s w i t c h i n g  and a m p l i f i c a t i o n  func-  
t i o n s  t o  p r o v i d e  remote s t e p p i n g  or s l e w i n g  o p e r a t i o n s .  
3.11 ALIGNMENT OPTICAL TELESCOPE 
The AOT ( F i g u r e  3-23) i s  a manua l ly  operated, p e r i s c o p i c ,  
o p t i c a l  i n s t r u m e n t  l o c a t e d  i n  t h e  fo rward  s t r u c t u r e  o f  t h e  LM. I t  
is mounted o n  t h e  nav base w i t h  t h e  s h a i t  a x i s  p a r a l l e l  t o  t h e  LM 
x a x i s ,  and  t h e  upper  p o r t i o n  of t h e  s h a f t  p r o t r u d i n g  from t h e  t o p  
o f  the LM. 
P h y s i c a l l y ,  t h e  AOT i s  a n  L-shaped s t r u c t u r e  formed by t h e  per -  
p e n d i c u l a r  i n t e r s e c t i o n  of t w o  major assembl.ies. These assemblies 
a r e  t h e  t e l e s c o p e  s h a f t  and t h e  t e l e s c o p e  e y e p i e c e .  The major 
a s s e m b l i e s  are j o i n t e d  by a h o r i z o n t a l  f l a n g e  j o i n t  a t  t h e  base o f  
t h e  telescope s h a f t  assembly.  I n  g e n e r a l ,  s t r u c t u r a l  components 
such  as h o u s i n g s  and mounts are machined b e r y l l i u m ,  . s p a c e r s  are 
aluminum, and  t h r e a d e d  p a r t s  t h a t  engage b e r y l l i u m  are made o f  cor- 
r o s i o n  r e s i s t a n t  steel. On AOT 6011000-041 and above, a radar 
s h i e l d  i s  mounted on the prism s h i e l d  p l a t e  t o  k e e p  l i g h t  r e f l e c t e d  
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Figure 3-23. AOT Cutaway View 
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by t h e  :rendezvous r a d a r  an t enna  from e n t e r i n g  t h e  AOT o p t i c a l  
sys tem.  On A O T ' s  6011000-073 and -091, t h e  p r i s m  s h i e l d  and radar 
s h i e l d  a re  removed and r e p l a c e d  w i t h  t h e  c o n i c a l  sunshade and r a d a r  
s h i e l d  assembly 1, F i g u r e  3-23) which is a t t a c h e d  t o  t h e  i n n e r  
hous ing  assembly.  A l l  c u r r e n t  o p e r a t i o n a l  AOT's conform t o  t h e  
c o n f i g u r a t i o n  s h m n  i n  F igu re  3-23. 
3 .,11.1 T e l e s c o p e  S h a f t  Assembly 
The t e l e s c o p e  s h a f t  assembly c o n s i s t s  o f  a  s t a t i o n a r y  o u t e r  
hous ing  assembly  and a r o t a t a b l e  i n n e r  hous ing  assembly.  I t  con- 
/ t a i n s  t h e  s h a f t  pos i t i on i r . g  inechanism assembly ,  most o f  t h e  AOT 
o p t i c s ,  and  a p r i s m  s h i e l d .  
The i n n e r  hous ing  assembly i s  b e a r i n g  mounted w i t h i n  t h e  o u t e r  
hous ing  assembly  w i t h  t h e  v e r t i c a l  a x e s  o f  b o t h  a s s e m b l i e s  c o i n c i -  
d e n t .  T h i s  mounting p e r m i t s  t h e  i n n e r  hous ing  assembly t o  be 
r o t a t e d  t h r o u g h  360 d e g r e e s  a b o u t  t h e  s h a f t  a x i s .  S i x  d e t e n t  p o s i -  
t i o n s  a r e  p r o v i d e d  t o  l o c k  t h e  s h a f t  a t  e a c h  60  d e g r e e s  o f  r o t a t i o n .  
O r i e ~ . t a t i o n  of  t h e  i n n e r  hous ing  assembly i s  accompl i shed  by manu- 
a l l y  t u r n i n g  t h e  s h a f t  p o s i t i o n i n g  knob ( F i g u r e  3-24)  . By p o s i t i o n -  
i n g  t h e  s h a f t ,  t h e  head p r i sm (mounted i n  a f i x e d  p o s i t i o n  'co t h e  
i n n e r  hous ing  assembly)  i s  p o s i t i o n e d  t o  t h e  desired f i e l d  of view. 
3 . l l . b .  1 O u t e r  Mcusi-nq Assembly 
The o u t e r  hous ing  assembly i s  a b e r y l l i u m  c y l i n d e r  approxima- 
t e l y  27  i n c h e s  w i t h  a 3 - i n c h k o r e  diameter and a w a l l  t h i c k n e s s  o f  
a b o u t  0.100 i n c h .  I t  houses  t h e  s h a f t  p o s i t i o n i n g  mechanism and 
s h a f t  b e a r i n g s .  The o u t e r  w a l l  o f  t h e  c y l i n d e r  i s  f l a n g e d  t o  a c c e p t  
t h e  r u b b e r  p r e s s u r e  seal  and f lame g u a r d  b e l l o w s  t h a t  i n t e r f a c e  
w i t h  t h e  o u t e r  w a l l  o f  t h e  LM bulkhead.  Your machined mounting pads ,  
. which a r e  used  to  mount t h e  AOT t o  t h e  rlsv base, e x t e n d  a t  r i g h t  
a n g l e s  from t h e  o u t e r  w a l l  o f  t h e  c y l i n d e r .  
 he s h a f t  p o s i t i o n i n g  mechanism c o n s i s t s  o f  hexagon knob and  
bevel g e a r  mounted on a  commorl s h a f t  w i t h  a p r e s s u r e  seal  i n t e r -  
posed  between them, and a  c a n t i l e v e r e d  d e t e n t  disc s p r i n g  w i t h  a 
b a l l  b e a r i n g  welded on t h e  free end.  The s h a f t  p o s i t i o n i n g  mechan- 
i s m  mates  w i t h  a b e v e l  g e a r  and s l o t t e d  de t eh t  mounted around t h e  
o u t e r  p e r i p h e r y  o f  t h e  i n n e r  hous ing  assembly.  The pu rpose  o f  t h e  
s h a f t  p s i t i o n i n g  mechanism i s  t o  p r o v i d e  a means o f  manual ly  posi- 
t i o n i n g  t h e  opt ics  head p r i sm,  a t t a c h e d  t o  t h e  i n n e r  hous ing  assembly,  
to e a c h  of s i x  v iewing  p o s i t i o n s ,  l e f t  (d , fo rward  (F) , r i g h t  
( R )  , are set 60 d e g r e e s  f r o m  e a c h  o t h e r  w h i l s  t h e  p r i s m  p r o t e c -  
t i v e  p o s i t i o n ,  c l o s e d  (CL) , i s  se t  180 d e g r e e s  from t h e  forward 
p o s i t i o n .  Two a d d i t i o n a l  p o s i t i o n s ,  LR and RR, which are n o t  u sed ,  
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a r e  l o c a t e d  a t  60 d e g r e e s  on e i ther  side of  the  CL p o s i t i o n .  A 
l ock  i s  p r o v i d e d  a t  each p o s i t i o n  by t h e  welded b a l l  b e a r i n g  as  it 
slides i n t o  t h e  60 degree spaced groove8  o f  t h e  i n n e r  hous ing  assembly 
s lot ted d e t e n t .  For AOT' s  6011000-073 and -091, t h e  prism s h i e l d  
is removed and a l l  s i x  viewing p o s i t i o n s  are utilized f o r  s i g h t i n g s .  
The prism s h i e l d  i s  a t t a c h e d  t o  t h e  upper  end  o f  t h e  ouker  
hous ing  assembly by t w o  bo l t s  on A O T ' s  6011000-081, 072, and below. 
~ 1 1  u n i t s  above t h e  6011000-081 c o n f i g u r a t i o n  u t i l i z e  prism s h i e l d s  
f u r n i s h e d  as GSE. T h i s  p r o v i d e s  t h e  r e q u i r e d  p r o t e c t i o n  a g a i n s t  
damage whenever t h e  c o n i c a l  sunshade and  radar s h i e l d  assembly is  
n o t  i n s t a l l e d .  The GSE p r i sm s h i e l d & ,  t o g e t h e r  w i t h  t h e  t r a n s p a r e n t  
prism and head p r o t e c t i o n  c o v e r ,  compr i se  the AOT p r o t e c t i v e  c o v e r  
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Figure 3-24. AOT 'Con t ro l s  
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p r o t e c t i v e  shleid fc r  =nc c p t l c s  :lead p r i s r ,  a q ' ~ i : ~ s t  s u c h  h a z a r d s  
as d u s t ,  etc. T h e  p r i s m  s h i e l d  a l s o  acts as p a r t  of a l a b y r i n t h  
s e a l  t h a t  aids i n  r e d u c i n q  tklc e v a p o r a t i o n  of t h e  s h a f t  b i i l l  hea r -  
ing l u b r i c a n r c .  With thc head  prism f a c i n q  t h e  r e a r  o f  t h e  LM, t h e  
s h a f t  c l o s e d  (CL) position, t h e  p r i s m  i s  c o v p l e t e l y  e n c l o s e d  by 
the p r i s m  s h i e l d .  A s p a c e r  i s  mounted bet.waen ihs rrisrn s h i e l d  
and o u t e r  h o u s i n q  as sembly .  T h i s  s p a c e r  i s  machined to allaru. a 
c l e a r a n c e  o f  o n l y  0.0035 ( f 0 . 0 0 1 5 )  i n c h  be tween t h e  i n n e r  w a l l  of 
t h e  p r i s m  s h i e l d  arrd t h e  head  p r i s m  mount. 
3.11.1.2 I n n e r  Housing Assembly 
The i n n e r  h o u s i n g  ausernbly i s  a  b e r y l l i u m  c y l i n d e r  which  i s  
s t e p p e d  e x  t e r n a l l y  t o  p r o v i d e  s e a t i n g  and  r e t a i n i n g  s u r f  aces f o r  
t h e  s h a f t  b a l l  b e a r i n g s  and  i n t e r n a l l y  f o r  s e a t i n g  some o f  t h e  s h a f t  
o p t i c s .  A b e v e l  g e a r  a n d  s l o t t e d  d e t e n t ,  used i n  p o s i t i o n i n g  t h e  
i n n e r  h o u s i n g  a s s e m b l y  i,n t h e  p r e v i o u s l y  described v i e w i n g  a n d  p ro -  
tec t ive  p o s i t i o n s ,  i s  mounted a b o u t  t h e  lower p e r i p h e r y  o f  t h e  c y l i n -  
der. Most o f  t h e  AOT o p t i c s  are c o n t a i n e d  w i t h i n  or mounted a t o p  
t h e  i n n e r  h o u s i n g  a s s e m b l y .  The o p t i c s  c o n s i s t  o f  t h e  h e a d  p r i s m ,  
o b j e c t i v e  l e n s e s ,  r e l a y  l e n s e s ,  and  t w o  sets o f  l i g h t  b a f f l e s .  A l l  
Q F  t h e  o p t i c s  are c e n t r a l l y  a l i g n e d ,  a x i a l l y  located, a n d  c a r r i e d  
i n  a z i m u t h  r o t a t i o n  a b o u t  t h e  s h a f t  ax i s  w i t h  t h e  c y l i n d e r .  A 
s p e c i a l  wave w a s h e r  a t  t h e  lower e n d  o f  t h e  s h a f t  p r o v i d e s  i pre- 
d e t e r m i n e d  load on  t h e  s h a f t  h a l l  b e a r i n g s .  
The head p r i s m  h o u s i n g  assembly, c c n s i s t s  of t h e  head p r i s m ,  
p r i s m  h o u s i n g ,  and  p r i s m  mount. I t  i s  mounted t o  t h e  o b j e c t i v e  
l e n s  h o u s i n g  a s s e m b l y  on  t o p  o f  the i n n e r  h o u s i n g  as sembly .  The 
p r i s m  h o u s i n g  and  mount are machined  b e r y l l i u m  and are h e l d  t o  e a c h  
o t h e r  by t h r e e  bo l t s .  The p r i s m ,  which  i s  i n s e r t e d  be tween t h e  
h o u s i n g  and  mount a t  a 4 5  d e g r e e  a n g l e ,  i s  h e l d  f i r m l y  i n  place by 
t h e  a d j u s t a b l e  f o r c e  o f  a l e a f  s p r i n g  and  epoxy.  The l e a f  s p r i n g ,  
located i n  a recess i n  t h e  p r i s m  h o u s i n g ,  i s  f o r c e d  t o  bear down 
on t h e  rear ( h y p o t e n u s e )  s u r f a c e  o f  t h e  p r i s m .  A U-shaped e l e m e n t ,  
e x t e n d i n g  upward f rom t h e  p r i s m  mount a l o n g  t h e  lower f a c e  o f  t h e  
p r i s m ,  ac ts  as a f o r w a r d  r e t a i n i n g  s u r f a c e  f o r  t h e  prism. The 
e l e m e n t  a lso  s e r v e s  as a n  a p e r t u r e  d e f i n i n g  t h e  o p t i c s  lower f i e l d  
o f  view. The p u r p o s e  of t h e  head prism h o u s i n g  a s s e m b l y  i s  t o  
g a t h e r  t h e  i m p i n g i n g  l i g h t  rays o f  t h e  60 degree f i e l d  o f  view. The 
p r i s m  t h e n  r e f r a c t s  t h e s e  r a y s  t h r o u g h  a c i r c u l a r  p a s s a g e  i n  t h e  
p r i s m  mount,  c o n c e n t r i c  w i t h  t h e  o p t i c a l  c e n t e r l i n e ,  t o  impinge  on 
t h e  f i r s t  e l e m e n t  o f  t h e  o b j e c t i v e  l e n s  h o u s i n g  as sembly .  
The o b j e c t i v e  l e n s  h o u s i n q  a s s e m b l y ,  t o  which  t h e  h e a d  p r i s m  
h o u s i n g  assembly i s  mounted,  i s  mounted t o  t h e  u p p e r  e n d  o f  t h e  
i n n e r  h o u s i n g  asscinbly cylinder by s i x  bol t s .  The a s s e m b l y  c o n s i s t s  
o f  t w o  d o u b l e t  l e n s e s ,  t h e  a s p h e r i c a l  f i e l d  l e n s ,  spacers, and  re- 
t a i n i n g  s i n g s .  The r e t a i n i n g  r i n g s  h o l d  t h e s e  o p t i c s  i n  r ad ia l  a n d  
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a x i a l  p o s i t i o n .  The purpose  o f  t h e  o b j e c t i v e  l e n s  hous ing  assembly UY 
i s  to m i n i f y  t h e  l i g h t  r a y s  r e c e i v e d  from t h e  head p r i sm by 5 power, 
and focus  t h e s e  r a y s  a t  t h e  f i r s t  f o c a l  p l a n e  o f  t h e  AOT. The 
f i r s t  f o c a l  p l a n e  i s  a t  t h e  e x i t  sicie o f  t h e  a s p h e r i c  f i e l d  l e n s .  
The r e l a y  l e n a  houaing assembly i s  p r e c i s e l y  p o s i t i o n e d  a x i a l l y  
i n s i d e  t h e  s t e p p e d  lower p o r t i o n  o f  t h e  i n n e r  hous ing  asrembly e y l -  
i n d e r ,  The r e l a y  l e n s  hons ing  c_ sembly i s  h e l d  i n  place by a 
s p a c u r  r e t a i n e d  a g a i n s t  t h e  s t e p p e d  i n n e r  s u r f a c e  o f  t h e  c y l i n d e r  
above t h e  asoembly and below, by a  long  s p a c e r  and a t h r e a d e d  re- 
/ 
t a i n e r  which mates w i t h  t h e  lower end o f  t h e  c y l i n d e r .  The assembly 
c o n s i s t s  o f  t w o  i d e m t i c a l  l e n s  cel ls  and a s p a c e r  h e l d  t o g e t h e r  
by a t h r e a d e d  c o u p l i n g  r i n g .  The l e n s  cells  are power matched and 
m u t u a l l y  focused .  The purpose  of t h e  r e l a y  l e n s  hous ing  assembly 
is  t o  collect t h e  m i n i f i e d  image l i g h t  rays from t h e  o b j e c t i v e  l e n s  
hous ing  assembly and f o c u s  them a t  t h e  second  AOT f o c a l  p l a n e .  T h i s  
focal p l a n e  i s  c o i n c i d e n t  w i t h  t h e  t e l e s c o p e  e y e p i e c e  assembly re- 
t icle i n  a vacuum envi ronment  f o r  AOZ' 6011000-021 and above,  and 
i n  a n  a i r  env i ronment  f o r  AOT 6011000-000 and 6011000-011. 
L The c o n i c a l  sunshade  and r a d a r  s h i e l d  assembly is  s u p p l i e d  f o r  
i n s t a l l a t i o n  on  A O T ' s  6011000-073 and 6011000-091. The a s s e ~ b l y  
c o n s i s t s  of sunshade  and radar s h i e l d ,  c lamps,  sh ims,  and a t t a c h i n g  
hardware (1, F i g u r e  3-23) for a t t a c h m e n t  t o  t h e  i n n e r  hous ing  assem- 
b l y .  The assembly is  sh ipped  a n d  stored i n  i t s  own s h i p p i n g  con- 
t a i n e r  f o r  i n s t a l l a t i o n  on  t h e  AOT after i t  h a s  been i n s t a l l e d  on *IY 
t h e  s p a c e c r a f t .  The f u n c t i o n  o f  t h e  assembly is to  p r e v e n t  s t r a y  
l i g h t  which is r e f l e c t e d  o f f  t h e  s k i n  o f  t h e  s p a c e c r a f t  and o t h e r  
r e f l e c t i n g  s u r f a c e s  from e n t e r i n g  t h e  o p t i c s  o f  t h e  AOT. The 
agsembly makes it p o s s i b l e  f o r  t h e  a s t r o n a u t  t o  per form s t a r  s i g h t -  
i n g ~  w i t h o u t  h a v i ~ ,  t h e  r e f l e c t e d  l i gh :  b l a n k i n g  o u t  t h e  l i g h t  
e m i t t e d  f romthe  stars. 
3J1.2 T e l e s c o p e  Eyepiece Assembly 
Mounted on the lower end o f  t h e  t e l e s c o p e  s h a f t  assembly,  t h e  
t e l e s c o p e  e y e p i e c e  assembly is t h e  reticle p o s i t i o n i n g ,  a n g l e  read- 
o u t ,  and t a r g e t - r e t i c l e  image v iewing  p o r t i o n  o f  t h e  AOT. The 
assembly c o n s i s t s  of a mirror and window hous ing  assembly,  a w o r m  
and gear hous ing  assembly,  and a l e n s  hous ing  and eyeguard  assembly.  
3.11.2.1 Mirror and Window Housing Assemb.1~  
The mirror and window hous ing  assembly i s  a beryl l ium. ,  90 
degree elbow w i t h  t w o  c y l i n d r i c a l l y  f l a n g e d  ends .  I t  c o n t a i n s  a n  
image d e f l e c t i n a  mirror and p r e s s u r e  sealing window. 
The mirror i s  machined from 1 / 2  i n c h  b e r y l l i u m ,  h e a t  treated, 
n i c k e l  p l a t e d ,  a l u m i n i z e d ,  and  o p t i c a l l y  p o l i s h e d .  I t  is  mounted 
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i n  t h e  elbow a t  4 5  degrees t o  t h e  h o r i z o n t a l  e y e p i e c e .  T h i s  u n i t  
p r o v i d e s  a  means of d i v e r t i n g  t h e  t a r g e t  image from t h e  v e r t i c a l  
o p t i c a l  c e n t e r l i n e  of t h e  s h a f t  o p t i c s  t o  t h e  h o r i z o n t a l  o p t i c a l  
c e n t e r l i n e  of  t h e  e y e p i e c e  o p t i c s .  
The window is  mounted i n  a  pack ing  r i n g  which i s  s e a t e d  i n  a 
groove  i n s i d e  t h e  upper  p o r t i o n  o f  t h e  assembly.  T h i s  u n i t  a c t s  
a s  a seal  between t h e  upper  AOT components ,  exposed t o  t h e  env i ron -  
m e n t a l  c o n d i t i o n s  o u t s i d e  t h e  LM, and t h e  e y e p i e c e  o p t i c s .  Having 
no  o p t i c a l  q u a l i t i e s ,  t h e  window t r a n s m i t s  t h e  t a r g e t  image w i t h o u t  
change from t h e  relay l e n s  hous ing  assembly d i r e c t l y  t o  t h e  m i r r o r .  
I 
3.11.2.2 Worm and Gear Housing Assembly 
The worm and g e a r  hous ing  assembly i s  a  b e r y l l i u m  c a s i n g  con- 
t a i n i n g  t h e  re t ic le  and c o u n t e r  d r i v e  g e a r  mechanism. AOT r e t i c l e ,  
and  a n g l e  c o u n t e r .  T h i s  assembly i s  mounted t o  t h e  p r e s s u r i z e d  end 
o f  t h e  mirror and window hous ing  assembly and  s e r v e s  a s  a mounting 
r e c e p t a c l e  f o r  t h e  e y e p i e c e  l e n s  assembly.  
The reticle and a n g l e  c o u n t e r  d r i v e  g e a r  mechanism c o n s i s t s  o f  
a t r a n s v e r s e  w o r m  s h a f t  connec t ed  a t  one  e n d  t o  t h e  a n g l e  c o u n t e r  
and a t  t h e  o p p o s i t e  end t o  t h e  manua l ly  o p e r a t e d  hexagon c o n t r o l  
knob. On AOT 6011000-062 and above,  t h e  re t ic le  p o s i t i o n i n g  knob 
h a s  been equ ipped  w i t h  a  d r a g  mechanism to  p r e v e n t  f r e e  r o t a t i o n  a f  
a n g l e  c o u n t e r  when hand i s  removed. (See  F i g u r e  3-24) The worm 
s h a f t  meshes w i t h  t h e  re t ic le  d r i v e  g e a r .  T h i s  mechanism p r o v i d e s  
a means of manually p o s i t i o n i n g  t h e  ret icle  and t r a n s m i t t i n g  t h a t  
p o s i t i o n  t o  t h e  c o u n t e r  where it is read o u t  i n  terms o f  a n g u l a r  
d i s p l a c e m e n t .  
The  c o u n t e r  i s  a c o n t i n u o u s  r e a d o u t  c o u n t e r .  The c o u n t e r  pro-  
v i d e s  a n g u l a r  r e a d o u t s  from 000.00 degrees t o  359.99 d e g r e e s .  The 
r e s o l u t i o ~ ~  o f  t h e  c o u n t e r  i s  2 0 .01  d e g r e e  ( e q u i v a l e n t  t o  ,: 36 arc 
s e c o n d s ) .  To p r e c l u d e  t h e  p o s s i b i l i t y  of fogg ing  and c o r r o s i o n ,  
AOT 6011000-062 and above i n c l u d e  a h e r m e t i c a l l y  sealed c o u n t e r  w i t h  
wedge l i g h t i n g  f o r  e a s e  i n  v iewing .  
The re t ic le  is  p o s i t i o n e d  a t  t h e  second  f o c a l  p l a n e  between 
t w o  p l ~ ~ n o - p l a n o  ( g l a s s )  d i s c s .  The reticle p a t t e r n  i s  e t c h e d  on 
t h e  s u r f a c e  o f  one d i s c  and cove red  by t h e  o t h e r  d i sc  f o r  p r o t e c t i o n .  
The ret ic le  d i s c s  are s e c u r e d  w i t h  epoxy i n  a c o v e r  r i n g  which i s  
t h e n  clamped a t  t h r e e  p o i n t s  i n  t h e  d r i v e  g e a r  f o r  p l a n a r  a d j u s t -  
ment.  The re t ic le  d r i v e  g e a r ,  mounted on ba l l  b e a r i n g s  i n  t h e  hous- 
i n g  assembly,  p r o v i d e s  p r e c i s i o n  p o s i t i o n i n g  of  t h e  reticle i n  co in -  
c i d e n c e  w i t h  t h e  a n g l e  c o u n t e r  r e a d o u t .  
I n  AOT 6011000-021 and above t h e  reticle i s  p o s i t i o n e d  so it  
is  i n  f o c u s  under  vacuum c o n d i t i o n s .  The d i c f e r e n c e  i n  i n d i c e s  of 
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r e f r a c t i o n  f o r  vacuum and a i r  under  normal c o n d i t i o n s  c a u s e s  t h e  
t a r g e t  t o  f o c u s  a t  a  p l a n e  t h a t  i s  n o t  c o i n c i d e n t  w i t h  t h e  re t ic le  
when the AOT i s  used  i n  a n  e a r t h  env i ronment .  When i n  an  e a r t h  en- 
v i ronment ,  ej.t.h,er t a r g e t  or ret ic le  can  be b r o u g h t  i n t o  f o c u s  w i t h  
t h e  e y e p i e c e ,  b u t  b o t h  c a n n o t  be  b r o u g h t  i n t o  f o c u s  s i m u l t a n e o u s l y .  
Ten m i n i a t u r e  lamps are mounted eboul", t h e  p e r i p h e r y  o f  t h e  
reticle t o  s u p p l y  t h e  re t ic le  w i t h  edge  l i g h t i n g .  For  AOT 6011000- 
062 and  above,  t h e  t e n  m i n i a t u r e  lamps have bsen  p a i n t e d  red t o  
p r e c l u d e  f a l s e  s ta r  i n d i c a t i o n s  caused  by i m p e r f e c t i o n s  i n  t h e  re- 
t icle .  A s t a r  a p p e a r s  w h i t e ,  w h i l e  r e t i c le  i m p e r f e c t i o n s  a p p e a r  
red. To p r e c l u d e  t h e  p o s s i b i l i t y  o f  fogg ing  because  o f  t h e  p r e s e n c e  
of m o i s t u r e  and l o w  t e m p e r a t u r e s ,  AOT 6011000-021 and above i n c l u d e  
an electrical h e a t e r  on t h e  e y e p i e c e  assembly.  On A O T ' s  6011000-081 
and above,  a heater p r o t e c t i v e  c o v e r  and reticle lamp p r o t e c t i v e  
c o v e r  have been i n s t a l l e d .  
3.11.2.3 Lens Housing and Eyeguard Assembly 
The l e n s  hous ing  and eyeguard  assembly is  a b e r y l l i u m  c y l i n d e r  
c o n t a i n i n g  t h e  e y e p i e c e  l e n s  assembly and f o c u s i n g  mechanism, and 
a rotatable r u b b e r  eyeguard .  The a ~ s e m b l y  is i n s e r t e d  i n t o  and 
a t t a c h e d  to t h e  w o r m  and g e a r  hous ing  assembly.  T h i s  assembly is 
t h e  image e x i t  p o r t i o n  o f  t h e  AOT. 
The e y e p i e c e  lens assembly c o n s i s t s  o f  t h r e e  l e n s  d o u b l e t s  o f  4 
5 power. T h i s  power is  matched t o  t h e  o b j e c t i v e  l e n s  power p rov id -  
i n g  a n  image e x i t  power o f  u n i t y .  The e y e p i e c e  l e n s e s  are c o n t a i n e d  
i n  a c y l i n d r i c a l  aluminum a d a p t e r  t h a t  i s  a t t a c h e d  t o  t h e  movable 
f o c u s  c o n t r o l  hand le .  The aluminum a d a p t e r  moves t h e  e y e p i e c e  l e n s e s  
a x i a l l y  i n  t h e  hous ing  when d r i v e n  by t h e  manual ly  o p e r a t e d  f o c u s  
c o n t r o l  hand le .  I t  t h u s  f o c u s e s  t h e  viewed image t o  t h e  e x i t  p u p i l .  
The f o c u s  c o n t r o l  hand le  p r o t r u d e s  from a h e l i c a l  s l o t  i n  t h e  l e n s  
hous ing .  I n  AOT 6011000-021 and above,  a f o c u s  a d j u s t m e n t  cam l o c k  
(located below and  to  the l e f t  of t h e  e y e p i e c e )  can  be swive l ed ,  
r o t a t i n g  a cam t o  l o c k  t h e  f o c u s  a d j u s t m e n t  i n  a selected p o s i t i o n .  
When t h e  h a n d l e  i s  r e t u r n e d  t o  t h e  i n - l i n e  p o s i t i o n ,  t h e  cam l o c k  
is released. 
A rotatable eyeguard  is f a s t e n e d  t o  t h e  end  o f  t h e  e y e p i e c e  
l e n s  assembly.  I t  i s  made of  non - tox ic  s y n t h e t i c  r u b b e r  and i s  a 
a x i a l l y  a d j u s t a b l e  f o r  head p o s i t i o n .  T h s  a d j u s t m e n t  allows f o r  
d i f f e r e n c e s  i n  f a c i a l  c o n t o u r s .  The rotatable eyegua rd  is  used  
when t h e  a s t r o n a u t  takes s i y h t i n g s  t h rough  t h e  AaT w i t h  h i s  f a c e  
mask opened.  
A fixed e y e q u a r d  is cezented t o  the ixage e x i t  end of t h e  long 
eye relief (LErO eyepiece Lens assembly ( F i g u r e  3-25) i n  AOT 60110f10- 
0 4 1  and  above. I t  i s  made of non - tox ic  s y n t h e t i c  r u b b e r  i n  an  an- 
n u l a r  shape .  The r o t a t a b l e  eyeguard  i s  removed from t h e  AOT when 
t h e  a s t r o n i r u t  t a k e s  s i g h t i n g s  w i t h  h i s  f a c e  mask c l o s e d .  During 
t h e s e  s igh4 - . i ngs ,  the f i x e d  ayeguard  p r e v e n t s  m a r r i n g  o f  t h e  f a c e  
mask when p r e s s e d  a g a i n s t  t h e  e y e p i e c e  l e n s  assembly.  




F i g u r e  3-25. AOT Eyeguard Assemblies 
3.11.2.4 AOT High Dens i ty  F i l t e r  Assembly 
The AOT h i g h  d e n s i t y  f i l t e r  assembly ( F i g u r e  3-26) i s  s u p p l i e d  
as a piece o f  a u x i l i a r y  equipment  t o  be used  i n  t h e  Apo l lo  m i s s i o n .  
The assembly  c o n s i s t s  o f  a r e t a i n e r  assembly and h i g h  d e n s i t y  f i l t e r .  
The r e t a i n e r  assembly c o n t a i n s  t w o  l e v e r  assemblies mounted on a 
f l e x i b l e  p i v o t .  The l e v e r  a s s e m b l i e s  g r i p  t h e  t h r e a d e d  p o r t i o n  of 
t h e  f i x e d  eyegua rd  when i n s t a l l e d  i n  place o f  t h e  rotatable eyeguard .  
(See F i g u r e  3-25) . The f u n c t i o n  of the assembly is ko p r e v e n t  damage 
t o  t h e  a s t r o n a u t ' s  e y e s  by a c c i d e n t a l  direct viewing of t h e  sun.  
F i g u r e  3-26. AOT High Dens i ty  F i l t e r  Assembly 
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SECTION 4 
ENGINEERING 
I n  o r d e r  to  best s u p p o r t  the d e s i g n  and f a b r i c a t i o n  phases  of  
the Apollo  prime equipment Kollsman Ins t rument  e n g i n e e r i n g  was 
broken i n t o  two c a t e g o r i e s  : E x t e r n a l  Eng inee r ing  and I n t e r n a l  
Engineer ing.  
The prime o b j e c t i v e  o f  e x t e r n a l  eng inee  - i n g  was t o  i n t e r f a c e  
w i t h  MIT/SL d u r i n g  t h e  e a r l y  des ign  s t a g e s  t o  e n s u r e  t h e  e s t a b l i s h -  
ment o f  c l o s e  communication and l i a i s ~ n  between t h e  d e s i g n  a r e a  
and K I ,  i t s e l f .  F u r t h e r ,  e x t e r n a l  e n g i n e e r i n g  be ing  knowledgeable 
and conversan t  i n  t h e  f i e l d  of  opto-mechanical  sys tems,  was a b l e  
t o  c o n t r i b u t e  c o n s t r u c t i v e l y  t o  t h e  d e s i g n  d i s c u s s i o n s ,  d e t a i l  de- 
s i g n ,  and recommended changes,  Such changes were recommended on 
t h e  b a s i s  o f  pos  t - e n g i n e e r i n g  arrd manufactur ing exper i ence .  
Toward t h i s  end ,  e x t e r n a l  e n g i n e e r i n g  was a s s i g n e d  r e s i d e n t  
p o s i t i o n s  a t  t h e  MIT l o c a t i o n .  The r e l a t i o n s h i p  and i n t e r f a c e  be- 
tween t h i s  group  o f  Kollsman e n g i n e e r s  w i t h  MIT and w i t h  Kollsman 
i n t e r n a l  e n g i n e e r i n g  c o n t r i b u t e d  g r e a t l y  to  t h e  end r e s u l t  o f  pro- 
ducing s o p h i s t i c a t e d  Apollo program equipment oh1 a  t ime ly  and h i g h  
q u a l i t y  l e v e l  basis.  
I n t e r n a l  e n g i n e e r i n g  r e p r e s e n t e d  t h e  in-house e n g i n e e r s  who 
had t h e  prime r e s p o n s i b i l i t y  of  e n s u r i n g  t h a t  t h e  f:ight equipment 
would be manufactured a t  a h igh  r e l i a b i l i t y  l e v e l ,  and t o  p rov ide  
t h e  tools,  tes t  equipment,  p l a n s ,  and t e c h n i c a l  knowledge so t h i s  
could  be ach ieved  on a  t i m e l y  and e x p e d i t i o u s  basis. 
I n t e r n a l  e n g i n e e r i n g ' s  i n t e r f a c e  w i t h  e x t e r n a l  e n g i n e e r i n g  
k e p t  them a b r e a s t  o f  a l l  des ign  developments and p r o j e c t e d  m i l e -  
s t o n e s ,  T h i s  a l lowed them to  move o u t  j u d i c i o u s l y  i n  many a r e a s ,  
even d u r i n g  the e a r l y  d e s i g n  phases.  T h i s  arrangement proved most 
e f f e c t i v e  throughout  t h e  e a r l y  d e s i g n  phases  o f  t h e  Apol lo  Program, 
n o t  o n l y  f o r  Kollsman, b u t  f o r  the t o t a l  program i t s e l f  as i t  pro- 
v ided  the n e c e s s a r y  impetus f o r  t h e  program "kickof  f " .  
4 . 1  E N G I N E E R I N G  - PERIOD ENDING 31 DECEMBER 1962 
4 . 1 . 1  E x t e r n a l  E n g i n e e r i n 2  
I n  t h e  beg inn ing ,  t h e  E x t e r n a l  Engineer ing  group e f f o r t  a t  
MIT/IL was mainly  conf ined  t o  the e x e c u t i o n  of t h e  S e x t a n t  and 
Scanning Telescope d e s i g n s .  The e x e c u t i o n  o f  t h e  Data Display Uni t  
d e s i g n  was e n t i r e l y  i n  MIT/I,L hands. 
The s e x t a n t  d e s i g n ,  i t s e l f ,  w a s  formula ted  i n  i t s  main o u t l i n e  
by MIT b e f o r e  Kollsman p a r t i c i p a t i o n  began,  e x c e p t  f o r  t h e  eye- 
pieces and p o r t i o n s  on the a 8 t r o n a u t ' e  side o f  t h e  bulkhead;  
whereas ,  the Scanning Telescope d e s i g n  was i n  Kollsman's hand since 
the fo rmula t ion  o f  requi rements .  
The MIT d e s i g n s ,  as they  i n i t i a l l y  e x i s t e d ,  were examined and 
p r o p o s a l s  f o r  improvements were d i s c u s s e d .  Act ion was d e f e r r e d  on 
m o s t  changes u n t i l  a  r edes ign  phase was f e a s i b l e  w i t h o u t  endanger- 
i n g  the schedu le .  From the beginning ,  the fo l lowing  t a s k s  were 
accomplished f o r  t h e  period ending  31 December 1962. 
1. The s c a l e  r ead ing  o p t i c a l  and mechanical  des ign  was 
worked o u t  w i t h  improvement to  provide  s imul taneous  
r e a d o u t  of  s t a r  and landmark s c a l e s .  
2. The mounting o f  t h e  double  dove scann ing  prisms f o r  t h e  
telescope was completed and released. A rough d r a f t  
report on t h e  manufacture and mounting problems was 
completed . 
3. The Scanning ~ e l e s c o p e  S h a f t  and Trunnion Axis ge,rboxes 
were w e l l  a long  i n  d e t a i l i n g  and Kollsman manufactur ing 
review when this e f f o r t  was l a i d  aside for r e d e s i g n  re- 
s u l t i n g  from the e l i m i n a t i o n  o f  hand c r a n k s  f o r  manual 
s h a f t  and t r u n n i o n  i n p u t s .  The r e d e s i g n  r e s u l t e d  i n  
subs t a n  t i a l  des ign  s i m p l i f i c a t i o n  and we igh t  sav ing .  
The long  lead item - the optical  base - was a f f e c t e d  b u t  
by c a r e f u l  c o o r d i n a t i o n ,  the de lay  w a s  h e l d  t o  a c c e p t a b l e  
l i m i t s ,  
4 .  The Scanning Telescope e y e p i e c e s  were i n  mechanical  de- 
s i g n ,  based on t e n t a t i v e  o p t i c a l  in format ion .  
5. The S e x t a n t  head was 758 through a mechanical  des ign  re- 
f inement  stage. D e t a i l i n g  of t h e  Telescope was a  major 
p o r t i o n  of  t h e  e f f o r t  during December and t h e  i n t e r n a l  
review o f  the f i n a l  package of  drawings was completed. 
6.  The l a y o u t  o f  t h e  f l e x i b l e  w i r i n g  arrangement f o r  accom- 
modating s h a f t  r o t a t i o n  was completed. 
7. F i n a l  o p t i c a l  des ign  s f  the S e x t a n t  e y e p i e c e  system,  i n  
e f f e c t  a " te lemicroscope"  a v a i l a b l e  a t  the end o f  
December, permitted completion of t h i s  phase of t h e  
S e x t a n t  Design. 
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8. The Opt ical  Base l a y o u t ,  and d e t a i l i n g  w a s  p roceed ing  
c o n c u r r e n t l y  w i t h  f r e q u e n t  l i a i s o n  between Kollsman e n g i -  
n e e r i n g  and manuf a c t u r h n g  p e r s o n n e l  and t h e  Beryllium 
f a b r i c a t i o n  vendors .  
Unresolved q u e s t i o n s  o f  b a s i c  approach and lack o f  d a t a  on 
ambien t  h i g h  l e v e l  slowed t h e  d e s i g n  somewhat. S t e p s  were t a k e n  t o  
r e s o l v e  these q u e s t i o n s  which permit ted a f i r m  d e s i g n  coarse d u r i n g  
e a r l y  1963.  
Kollsman p a r t i c i p a t i o n  i n  the d e s i g n  o f  t h e  Ma? and v i s u a l  
Da ta  D i s p l a y  u n i t  w a s  begun a t  t h i s  t i m e ,  December 1962. 
4 . 1 . 2  I n t e r n a l  E n g i n e e r i n q  
One o f  i n t e r n a l  e n g i n e e r i n g ' s  f i rst  e f f o r t s  w a s  t h e  pxepara-  
t i o n  o f  a Development P l a n  (T.D. K-2) which c o n s i s t e d  o f  g e n e r a l  
p l a n n i n g  f a m i l i a r i z a t i o n  s t u d i e s  and t r a i n i n g ,  and r e q u i r e d  f a c i -  
li t ies  r ea r r angemen t .  Design w a s  i n i t i a t e d  on f i x t u r e s  and t e s t  
devices f o r  t h e  O p t i c a l  Subsystems F a c t o r y  T e s t  Equipment (T. D. 
K- 10) . Design and p r e p a r a t i o n  f o r  rrkanufacturing was s tarted on  
Ground S u p p o r t  Equipment f o r  Opt ica l  I n s t r u m e n t s  (T. D. K-15) con- 
s i s t i n g  o f  t h e  P r e c i s i o n  T e s t  F i x t u r e ,  Adapter and  C o n t r o l  U n i t ,  
Alignment  Mirror Assembly, Alignment  P e r i s c o p e s ,  Opt ica l  Target  
( L a s e r )  , and A u t o c o l l i m a t o r  E y e p i e c e s ,  
'Crr 
The f o l l o w i n g  a r e  s p e c i f i c  t a s k s  t h a t  were accompl ished up to  
t h e  end o f  3 1  December 1962. 
SCT and SXT Design l a y o u t s  were t h e  basis f o r  d e s i g n  r ev i ews ,  
f a m i l i a r i z a t i o n  s t u d i e s  and the p r e p a r a t i o n  o f  p r e l i m i n a r y  Weight,  
C e n t e r  of G r a v i t y  and Moment o f  I n e r t i a  c a l c u l a t i o n s .  
1. The p r e l i m i n a r y  de ta i l  d rawings  o f  t h e  SCT optics were 
used  to  d e t e r m i n e  t h e  amounts o f  e a c h  t y p e  o f  opt ica l  
glass r e q u i r e d ,  and orders for a l l  l o n g  lead glass w a s  
i n i t i a t e d .  
2 .  D e t a i l  d rawings  o f  t h e  SCT were rev iewed  f o r  producibi.1- 
i t y ,  r e l i a b i l i t y  and q u a l i t y  a s s u r a n c e ,  and t h e  d e s i g n  
r ev i ew  reports forwarded to  Kallsman E x t e r n a l  E n g i n e e r i n g  
a t  MIT. 
3. Kollsman r e c e i v e d  a p r e l i m i n a r y  Op t i ca l  Laboratory l a y o u t  
f o r  both the NAA and AMR locations from MIT. E n g i n e e r i n g  
reviewed the l a y o u t  and  submit ted reconmendat ions  t o  MIT. 
4 .  The I n t e r n a l  E n g i n e e r i n g  Group f u r t h e r  prepared Family 
Trees f o r  the SXT and SCT. These  f a m i l y  trees were 
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t ransformed i n t o  fabrication/assembly/test flow diagrams 
f o r  use i n  t h e  d e t a i l e d  p r e p a r a t i o n  o f  t e s t  s p e c i f i c a t i o n s ,  
test equipment u t i l i z a t i o n  requi rements  and subassembly 
performance s p e c i f i c a t i o n s .  
5. A p r e l i m i n a r y  d e t a i l e d  d e s c r i p t i o n  o f  t h e  des ign  para-  
meters and theory  of o p e r a t i o n  o f  t h e  SXT and Telescope 
was prepared .  This  i n f o r m a t i o n  was applicable t o  t h e  
F a m i l i a r i z a t i o n  Manual. 
I I n  a d d i t i o n  t o  t h e  fo rego ing ,  t h e  I n t e r n a l  Engineer ing  Group 
a l s o  suppor ted  t h e  e f f o r t  r e q u i r e d  i n  t h e  fo l lowing  Techn ica l  
D i r e c t i v e s .  
1. Apol lo  P r o j e c t  Engineer ing  Suppor t  (T.D. K - 1 2 )  - Estab- 
l i s h  and o p e r a t e  a p r o j e c t  e n g i n e e r i n g  o f f i c e  t o  provide  
i n t e r n a l  e n g i n e e r i n g  s u p p o r t .  
2.  Breadboazd Ins t rument  E f f o r t  (T. D. K-13) - P r e p a r a t i o n  
for  s u p p o r t  o f  des ign  and f a b r i c a t i o n  of  the S e x t a n t  
(SXT)  Scanning Telescope (SCT) and Map and Data V i e w e r  
(MDV) breadboard and p r e p r o d u c t i o n  models. 
3 .  Planning  f o r  Manufacturing (T.D. K-15) - Es tab l i shment  of  
procedures  and pe r sonne l  f a m i l i a r i z a t i o n  i n  p r e p a r a t i o n  
of manufactur ing.  
4.  F a m i l i a r i z a t i o n  Manual Informat ion  (T.D. K-27) - P ovide  
i n f o r m a t i o n  t o  assist MIT i n  p r e p a r i n g  a F a m i l i a r i z a t i o n  
Man ua 1 . 
During t h i s  p e r i o d ,  I n t e r n a l  Engineer ing  a l s o  r e c e i v e d  a Tech- 
n i c a l  D i r e c t i v e  for Breadboard Manufactur ing (T. D. K-19) which 
a u t h o r i z e d  t h e  manufacture  of  six breadboard  O p t i c a l  Subsys terns t o  
v a r i o u s  degrees o f  completion.  
I 4.1.3 Study Ana lys i s  
- 
Concurrent  w i t h  'the above tasks, a comprehensive s t u d y  a n a l y s i s  
I 
was s t a r t e d  i n  accordance  w i t h  T.D.  K-18. T h i s  r e q u i r e d  a fami l -  
i a r i z a t i o n  i n  de t a i l  o f  t h e  e x i s t i n g  s t a t u s  o f  Apol lo  d e s i g n  and 
n a v i g a t i o n  theory. Techn ica l  notes and c h a r t s  i n t e g r a t i n g  this i n -  
format ion  and d e f i n i n g  p o t e n t i a l l y  i m p o r t a n t  a n a l y t i c a l  t a s k s  were 
g e n e r a t e d  and d i s c u s s e d  w i t h  &IIT/IL t e c h n i c a l  management. Three 
1 s e p a r a t e  t a s k s  w e r e  d e f i n e d  under Techn ica l  D i r e c t i v e  K-18: 
1. Apolla Ascent  A b o r t  
2. Apollo I n j e c t i o n  Model 
3. Opt ica l  Models 
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The o b j e c t i v e  of  t h e  Ascent  Abort t a s k  was t o  s tudy  the a s c e n t  
t r a j e c t o r i e s  t o  an e a r t h  pa rk ing  o r b i t  and t o  de te rmine  their 
s u i t a b i l i t y  i n  those  s i t u a t i o n s  where the f l i g h t  must be a b o r t e d .  
The r e s u l t s  o f  t h i s  s t u d y  were u s e f u l  i n  t h e  de te rmina t ion  o f  any 
n e c e s s a r y  m o d i f i c a t i o n  of  t h e  proposed a s c e n t  t r a j e c t o r i e s  r e q u i r e d  
t o  meet c o n s t r a i n t s  impl i ed  by s a f e  a b o r t  c a p a b i l i t y  dur ing  a l l  
p o r t i o n s  o f  the a s c e n t .  
The o b j e c t i v e  of  t h e  I n j e c t i o n  Model s t u d y  wan t h e  determin-  
a t i o n  o f  t h e  e f f e c t s  t h a t  launch p e r t u r b a t i o n s  have on t h e  pa rk ing  
o r b i t .  The r e s u l t s  p rovided  i n p u t  data f o r  an a l r e a d y  e x i s t i n g  
d i g i t a l  s i m u l a t i o n  o f  t h e  i n j e c t i o n  guidance  problem. 
The o b j e c t i v e s  o f  t h e  Opt ica l  Model Study were: 
a. The g e n e r a t i o n  o f  error models f o r  t h e  s e x t a n t  and scan- 
n i n g  t e l e s c o p e ,  and r e l a t e d  opt ical  i n s t r u m e n t a t i o n .  
b e  Determina t ion  of  t h e  s t a t i c ,  dynamic and n o i s e  perform- 
ance of t h e  o p t i c a l  system. 
c. Determina t ion  o f  t h e  i n a c c u r a c i e s  i n t r o d u c e d  i n  tile o p t i -  
c a l  system by the a s t r o n a u t ,  movement o f  f i e l d  of view, 
and methods f o r  t h e  e l i m i n a t i o n  of b i a s  e r r o r s  (ASK-KI  
N o  Computer Navigat ion S t u d y ) .  
The accomplishments i n  t h e  above a r e a s  a r e  l is ted below: 
4.1.3.1 Ascent  Abort 
An i n i t i a l  c o n d i t i o n  g e n e r a t i n g  program was assembled and run. 
The main program f o r  the Ascent Abort a t u d y  was also prepared.  
T h i s  i n f o r m a t i o n  w a s  combined w i t h  a modi f ied  v e r s i o n  o f  MIT d a t a  
on  e s t a b l i s h m e n t  o f  s a f e  c o r r i d o r s  for re -en t ry  f l i g h t ,  t o  o b t a i n  
cu rves  of fo rb idden  r e g i o n s  i n  v e l o c i t y ,  a l t i t u d e  and f l i g h t  p a t h  
a n g l e  f o r  t h e  a s c e n t .  
4.1.3.2 I n j e c t i o n  Mode1 
An ear l  er a n a l y s i s  o f  the p r o p a g a t i o n  o f  c i r c u l a r  p a r k i n g  
o rb i t  errorsi was reviewed,  and t h i s  p o s i t i o n a l  and v e l o c i t y  e r r o r  
d a t a  w a s  p r e s e n t e d  i n  a c y l i n d r i c a l  c o o r d i n a t e  sys tem moving w i t h  
the o r b i t i n g  v e h i c l e .  
' " ~ r r o r  Ana lys i s  C o n s i d e r a t i o n s  for a Sate l l i te  Rendezvous" 
Duke, Goldbert & Pfef fer ,  ARS J o u r n a l ,  A p r i l  1961, p. 505. 
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Consider ing  t h a t  t h e  p o i n t  of i n j e c t i o n  i n t o  a  t r a n s l u n a r  
o r b i t  is  f i x e d  i n  an i n e r t i a l  frame, and t h a t  t h e  e a r t h  con t inues  
to r o t a t e  about  t h e  p o l a r  a x i s ,  a d e l a y  i n  launch t i m e  r e q u i r e s  a 
d i f f e r e n t  i n c l i n a t i o n  o f  t h e  pa rk ing  o r b i t .  An a n a l y s i s  u t i l i z i n g  
ort.hogona1 c o o r d i n a t e  t r a n s f o r m a t i o n s  is  be ing  conducted t o  de- 
te rmine  t h e  v e l o c i t y  d i f f e r e n c e  between t w o  pa rk ing  o r b i t s  t h a t  
have t h e  same r a d i u s  and p e r i o d ,  b u t  d i f f e r e n t  i n c l i n a t i o n s .  
4.1.3.3 O p t i c a l  Models 
The major  mechanical  and o p t i c a l  errow of  t h e  s e x t a n t  and 
scanning  t e l e s c o p e  were determined and a  t e n t a t i v e  error model 
c o n s t r u c t e d .  The model a l s o  i n c o r p o r a t e d  the e l e c t r i c a l  read-out  
errors t h a t  a r e  encountered.  The o p t i c a l  model wa,s predominantly 
useful when t h e  s e x t a n t .  and telescope a r e  o p e r a t e d  i n  a mid-course 
s tar-  landmark measuring mode. 
P r o v i s i o n s  were made to  ex tend  t h e  v a l i d i t y  o f  t h e  model when 
the s e x t a n t  is o p e r a t e d  i n  o t h e r  modes, such  as t h e  t h e o d o l i t e  
mode, etc.  
4 . 2  ENGINEERING - PERIOD ENDING 31 DECEMBER 1963 
4 . 2 . 1  E x t e r n a l  E n q i n e e r i n g  
I n  a d d i t i o n  to p rov id ing  t h e  c o n t i n u i n g  s u p p o r t  to MIT on the 
d e s i g n  and development o f  t h e  optical  u n i t  and t h e  Map and Data 
V i e w e r ,  e x t e r n a l  e n g i n e e r i n g  made s e v e r a l  pe r sonne l  a d d i t i o n s  i n  
accordance  w i t h  TDK d i r e c t i v e s .  These p e r s o n n e l  changes s e r v e d  t o  
maximize t h e  K I  r e s i d e n t  s u p p o r t  e f f o r t  i n  view o f  the i n c r e a s i n g  
and expanding tasks t h a t  were r a p i d l y  deve loping .  The fo l lowing  
l i s ts  t h e s e  changes: 
1. E x t e r n a l  Project Eng inee r ing  (T.D. K - 5 )  - d i r e c t e d  the 
t r a n s f e r  o f  a  Project Engineer  and t w o  S e n i o r  Engineers  
to  MIT/IL. 
2. Design Personnel  Res iden t  a t  MIT (T.D. K-8) - a u t h o r i z e d  
the t r a n s f e r  o f  f o u r  Mechanical Des igners ,  three D e -  
tailers , and t h r e e  Checkers to MIT/IL. 
3. Disp lay  and Con t ro l  (T.D. K-32) - d i r e c t e d  the t r a n s f e r  
of one d e s i g n  e n g i n e e r  to  a s s i s t  i n  i d e n t i f y i n g  and 
s o l v i n g  l i g h t i n g  problems a s s o c i a t e d  with t h e  Disp lay  
and C o n t r o l  Subsystem. 
4 .  Design o f  Map and Data V i e w e r  (T.D. K-35) - Directed the 
t r a n s f e r  o f  a  Project Engineer  to  MIT/IL to  p a r t i c i p a t e  
i n  the d e s i g n  and development o f  t h e  Map and Data V i e w e r .  
5. Res iden t  E f f o r t  (T.D. K-106) - Provided r e s i d e n t  e f f o r t  
a t  MIT/ IL  f o r  an Engineer ,  Mechanical Designer ,  and one 
Draftsman f o r  t h e  accomplishment o f  dea ign  changes f o r  
t h e  O p t i c a l  Subsystem and t h e  Map and Data V i e w e r .  
A t  t h i s  t i m e ,  TDK-22 a l s o  a u t h o r i z e d  t h e  f a b r i c a t i o n  and pro- 
curement o f  models of p a r t s  o r  subassembl ies  f o r  use  i n  s u p p o r t  o f  
des ign  s t u d i e s  and fo rmula t ion  of  equipment d e s i g n s .  
During this y e a r ,  much o f  e x t e r n a l  e n g i n e e r i n g ' s  e f f o r t s  were 
c o n c e n t r a t e d  on o r i g i n a t i n g  and p r o c e s s i n g  e n g i n e e r i n g  changes and 
i n c o r p o r a t i n g  new des ign  requi rements  to  f a c i l i t a t e  manufacture , 
t e s t  and shipment  of  t h e  Opt ical  Uni t .  
A l l  o f  t h e  d e s i g n  work, e x c e p t  for  t h e  Map and Data V i e w e r  
and the f i n a l  detai ls  o f  t h e  Scanning Telescope  e y e p i e c e  l e n s  
mountings were completed,  i n c l u d i n g  the f i n a l  c o n f i g u r a t i o n  o f  a l l  
the l e n s e s .  The  long eye  r e l i e f  r equ i remen t  moved a long s t e p  
toward s o l u t i o n  w i t h  t h e  f a v o r a b l e  r e a c t i o n  a t  t h e  NASA Design re- 
view toward a  new proposa l  f o r  long e y e  r e l i e f  p r o v i s i o n .  Work 
-roceeded i n  o p t i m i z i n g  t h e  proposed s o l u t i o n  on compromising on 
m a g n i f i c a t i o n  t o  o b t a i n  2-3/8 inch  e y e  r e l i e f  w i t h  an e n l a r g e d  e x i t  
p u p i l  and l i g h t w e i g h t .  
4 . 2 . 1 . 1  Eyepiece D e t a i l  
The S e x t a n t  and Scanning Telescope Eyepieces  were subjected 
to d e s i g n  r e v i s i o n s  c e n t e r i n g  on the p r o v i s i o n  o f  Eyeguards, t h e  
P o l a r o i d  Analyzer  for  r e l a t i v e  b r i g h t n e s s  c o n t r o l  on t h e  LLOS and 
STLOS o f  t h e  S e x t a n t ,  and re f inement  o f  t h e  SXT Eyepiece l e n s e s  re- 
s u l t i n g  i n  t h e  e l i m i n a t i o n  o f  one l e n s .  
The complet ion o f  t h e  emergency Eyepiece d e s i g n  r e s u l t e d  i n  a 
we igh t  d e c r e a s e  from 2.3 to  1 .5  pounds. Design and weight  ca lcu-  
l a t i o n s  on t h e  Eyepieces  r e s u l t e d  i n  r e f inement s  which pa red  the 
weight  from f i v e  pounds to  s l i g h t l y  under Pour pounds i n  s p i t e  o f  
t h e  a d d i t i o n  of  an a d j u s t a b l e  Eyeguard to each o f  the t h r e e  normal 
Eyepieces .  
The d e s i g n  o f  s t o r a g e  p r o v i s i o n  for  the Eyepiece,  which must 
be de tached  from t h e  p a n e l  uu r ing  c e r t a i n  phases  o f  t h e  miss ion ,  
was completed and r e a d i e d  for  submiss ion  to  MIT f o r  t r a n s m i t t a l  to 
North American. 
4.2.1.2 Eyep iece  D e t a i l  ( 3 X )  
I n  r e g a r d s  t o  t h e  3X e y e p i e c e  e l i m i n a t i o ~ ~ ,  tes ts  wore made on 
the SCT to  v e r i f y  t h e  approach t a k e n .  * The SCT Block X O p t i c s  
were assembled  on t h e  bench and w i t h  t h e  1 X  e y e p i e c e  d e s i g n e d  t o  
fit o n  a t u r r e t  w i t h  a  3X e y e p i e c e ,  t h e  r e s o l u t i o n  was b a r e l y  ade- 
q u a t e  a t  the mid-por t i on  o f  t h e  2 i e l d  and u n s a t i s f a c t o r y  i n  t h e  
o u t e r  h a l f  due  t o  a s t i g m a t i s m  wnich c o u l d  n o t  b e  c o r r e c t e d .  Use 
o f  the 3X e y e p i e c e  d i d  not add s i g n i f i c a n t l y  t o  t h e  t e l e s c o p e  e f -  
f e c t i v i t y .  For  a  u s e f u l  3X sys t em,  t h e  d imens ions  would neces -  
s a r i l y  b e  so l a r g e  a s  t o  b e  p r o h i b i t i v e ,  from a w e i g h t  and s p a c e  
c o n s i d e r a t i o n ,  o r  t h e  sys t em would have to  be d e s i g n e d  e x c l u s i v e l y  
f o r  the 3X e y e p i e c e .  Another  tes t  was made w i t h  a second  se t  o f  
o b j e c t i v e  l e n s  components assembled as an  e y e p i e c e .  Although t h i s  
unit was n o t  o p t i m i z e d  f o r  *is p u r p o s e ,  t h e  r e s u l t s  i n d i c a t e d  
t h a t  i t  c o u l d  be r e d e s i g n e d  r e a d i l y  t o  s e r v e  as a s a t i s f a c t o r y  1 X  
e y e p i e c e .  However, t h i s  1 X  e y e p i e c e  c o u l d  n o t  be mounted i n  a 
s h a r e d  t u r r e t  w i t h  a  3X e y e p i e c e  w i t h o u t  compromising t h e  d e s i g n  
t o  a n  o b j e c t i o n a b l e  d e g r e e .  The recommended s o l u t i o n  W P S  t o  use  
an o p t i m i z e d  1 X  e y e p i e c e  f o r  Block I1 O p t i c s  and s u p p l y  t h e  1 X  and 
3 X  combina t ion  as i s  w i t h  t h e  o p t i m i z e d  1 X  e y e p i e c e .  T h i s  new 1 X  
e y e p i e c e  accompanied t h e  d e l i v e r y  o f  t h e  op t ica l  u n i t .  
The change to  a new 1 X  e y e p i e c e  was advanced f r o m  Block I1 t o  
Block I hardware  and w a s  b e i n g  i n c o r p o r a t e d  on  t h e  f i r s t  b read-  
bon rd  u n i t s  . 
4.2 .1 .3  MDV Detail 
The Map and  Data V i e w e r  d e s i g n  proceeded  a c c o r d i n g  to  s c h e d u l e ,  
i n c l u d i n g  d e t a i l i n g  o f  t h r e e  s u b a s s e m b l i e s  and l a y o u t s  o f  t w o  
ma jo r  s i & a s s e m b l i e s  . Exper imen ta l  models of the C a r t r i d g e  and 
Gearbox a s s e m b l i e s  were completed  and the e l e c t r o n i c  sys t em was 
e v a l u a t e d .  
A problem w a s  e n c o u n t e r e d  i n  f a b r i c a t i o n  o f  t h e  MDV Housing 
Assembly, 1011439. I t  was found t h a t  t h e  b r a z i n g  t e c h n i q u e  pro- 
posed  f o r  jc n i n g  t h e  p a r t s  of t h i s  assembly was i n a d e q u a t e ,  and 
an a l t e r n a t i v e  j o i n i n g  t e c h n i q u e ,  c o n s i s t i n g  o f  cement ing  w i t h  an 
epoxy cement ,  i n  con j u n c t i o n  w i t h  . the  u se  of screws and dowel pin.s ,  
was t h e r e f o r e  adopted .  T h i s  ttnchniquz has proven to  be s a t i s f a c -  
ts.ry. New drawings ,  r e f l e c t i n g  the revised t e c h n i q u e  were gener-  
a t e d  and released. The s u p e r c e d e d  drawings  were obsoleted. T h i s  
*Designing t h e  1 X  and 3X e y e p i e c e s  to  have t h e  same e y e p o i n t  ?.oca- 
t i o n  compromised the 1 X  e y e p i e c e  d e s i g n  t o  an  e x t e n t  where  it w a s  
u n s a t i s f a c t o r y  . 
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k w  
n e c e s s i t a t e d  s Dme s l i p p a g e  due to  r e s u l t a n t  drawing changes as w e l l  
as changes i n  procedures  t h a t  had to  be adopted f o r  a s ~ ~ e m b l y  of
t h e  Map and Data V i e w e r .  
4 . 2 . 1 . 4  Drawing Detail - OUA 
A change hand l ing  procedure  was e s t a b l i s h e d  and approximately  
30 changes were p rocessed ,  abou t  one t h i r d  of  which w e r e  Class One,  
r e q u i r i n g  Design Review Board approva l .  
D e t a i l e d  p a r t  drawings were completed and submi t t ed  t o  t h e  
des ign  revi'ew board  action f o r  release t o  t h e  change c o n t r o l  board.  
The C l a s s  A release o f  a l l  remaining d e t a i l  p a r t s  and s p e c i -  
f i c a t i o n  c o n t r o l  drawings were complete f o r  t h e  SXT, SCT and Opt i -  
c a l  Base Assemblies. Assembly drawings were 9 5 %  completed and 
ready f o r  review and checking.  
The s t a t u s  o f  drawings a t  tha t  t i m e  f o r  t h e  O p t i c a l  Un i t  i s  
shown i n  Table  4-1 .  T h i s  t a b u l a t i o n  i n c l u d e s  the drawings re- 
q u i r e d  t o  implement t h e  A u x i l i a r y  Long Eye R e l i e f  Eyepiece and t h e  
Revised SCT Eyepiece which r e p l a c e d  t h e  t u r r e t  des ign .  
Table  4-1  
OPTICAL UNIT, DRAWING STATUS 
DWGS RELEASED 
QUANTITY DWGS COMPLETED CLASS "A" 
DFtAWING REQUIRED F)UANTITY PERCENT QUANTITY PERCENT 
Assys 101  . 101  100% 101 100% 
Deta i i s  352 352 100% 252 100% 
S.C.D. 's 49 4 8  9 8% 41 84% 
4.2.1.5 Drawing Deta i l  - MDV 
The d e t a i l i n g  o f  the Map and Data V i e w e r  begun d u r i n g  t h e  l a s t  
r e p o r t  p e r i o d ,  now r e s u l t e d  i n  the C l a s s  A relcase of  24 d e t a i l e d  
drawings and 8 SCD's, which includekd v f r t u a l l y  a l l  of t h e  long l e a d  
i terns. 
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The s t a t u s  of  drawings f o r  t h e  Map and Data V i e w e r  a t  t h a t  
t ime  is shown i n  Table  4-2 .  
Table  4-2 
MAP AND DATA VIEWER DHAWING STATUS 
DWGS RELEASED 
I QUANTITY DWGS COMPLETED CLASS " A "  
Drawing H E Q U I  RED QUANTITY PERCENT G U A N T I T Y  PERCENT 
Assys 2 4  2 4  100% 2 4  100 % 
D e  t a i  1s 9 9 1 100% 9 1 100% 
S.C.D. ' S  
I n  a d d i t i o n  t o  t h e  emphasis on t h e  OUA and MDV, e x t e r n a l  
e n g i n e e r i n g  h a d d a c t i v e l y  engaged i n  t h e  d e s i g n  and development o f  
Block I1 r e v i s i o n  of the O p t i c a l  U n i t  which w a s  a  r e d e s i g n  of 
Block I hardware i n c o r p o r a t i n g  new concep t s  i n  C D U ' s ,  SCT o p t i c s  
and  t h e  a d d i t i o n  of  p h o t o e l e c t r i c  d e v i c e s  f o r  s t a r  and hor i zon  
t r a c k i n g .  
Xn r e g a r d s  t o  t h e  Block I1 e f f o r t  f o r  t h e  SCT and SXT, wi thou t  
the p h o t o e l e c t r i c  d e v i c e s ,  t h e  fo l lowing  t a s k s  were accomplished : 
4 . 2 . 1 . 6  Scanning Telescope 
A. E l i m i n a t i o n  o f  t h e  t h r e e  power e y e p i e c e  which r e q u i r e d  
a r e d e s i g n  o f  t h e  e y e p i e c e  assembly. 
B. Discont inuance of  the a d d i t i o n  o f  d i g i t a l  wntexs t o  
the SCT gearboxes due t o  the sys tem rev: s . 
C. The d e s i g n  of a  SCT e l i m i n a t i n g  the Trunnion Axis con- 
t i n u e d  a s  a backup des ign .  T h i s  t e l e s c o p e  o p e r a t e d  
s imilar  t o  LEM t e l e s c o p e  i n  t h a t  a r o t a t a b l e  s p i r a l  
re t icle  was used to determrne s t a r  r e f e r e n c e  ang le .  
T h i s  r e d e s i g n  w a s  n o t  used. 
4 . 2 . 1 . 7  S e x t a n t  
( h o  des ign  work f o r  Block I1 was i n i t i a t e d  a l though modif i -  
c a t i o n s  w e r e  approved i n  t h e  fo l lowing  a r e a s )  : 
-.L 
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A.  A new and l a r g e r  motor f o r  the Trunnion Drive and i n -  
c r e a s e d  g e a r  r a t i o  i n  t h e  Trunnion Drive gearbox.  
8 .  A d d i t i o n a l  2 X  r e s o l v e r s  were added t o  both  Trunnion and 
S h a f t  Servo Systems due t o  the change i n  system expan- 
s i o n  e l i m i n a t i n g  CDU gearboxes .  
4.2.1.8 Block I1 E l e c t r o n i c s  
P a r a l l e l  w i t h  t h e  Block I1 e f f o r t  on t h e  o p t i c a l  u n i t ,  e x t e r -  
n a l  e n g i n e e r i n g  was i n t i m a t e l y  invo lved  w i t h  a  Block I1 d e s i g n  
which would i n c o r p o r a t e  p h o t o e l e c t r i c  f e a t u r e s  f o r  s t a r  a c q u i s i t i o n  
and t r a c k i n g .  
I n  t h e  s e x t a n t ,  c o n s i d e r a b l e  d e s i g n  work was accomplished on 
the p h o t o e l e c t r i c  f e a t u r e s  to  p rov ide  a  semi-automat ic  photo- 
e lectr ic  d e v i c e  capab le  of  r e p l a c i n g  t h e  need f o r  v i s u a l  obser -  
v a t i o n .  A very s a t i s f a c t o r y  concept  was developed.  T h i s  d e s i g n ,  
which r e s u l t e d  i n  s imple  packaging and maximum u t i l i z a t i o n  o f  t h e  
e x i s t i n g  d e s i g n ,  encompassed both  t h e  s t a r  t r a c k e r  and the hor izon  
photometer  f u n c t i o n s .  A two-axis compact s t a r  t r a c k e r  and a  s i m i -  
l a r l y  des igned  h o r i z o n  photometer  formed an i n t e g r a l  u n i t  which 
was mounted on t h e  SXT head. T h i s  d e v i c e  was r o t a t e d  u s i n g  the 
scanning  motion o f  t h e  head by s i m p l e  e x t e n s i o n  of  the indexing  
mirror. 
3u 
During October  l a y o u t s  f o r  t h e  r e d e s i g n  o f  t h e  SXT t runn ion  
d r i v e  gearbox was completed. Th i s  d e s i g n  used a new motor and 
a l s o  i n c o r p o r a t e d  a h i g h e r  g e a r  rat io.  Redesign of t h e  SXT s h a f t  
gearbox i n c o r p o r a t i n g  a  1 X  r e s o l v e r  was also completed. A new de- 
s i g n  i n c o r p o r a t i n g  a 6 4 X  r e s o l v e r  on t h e  SXT s h a f t  was n e a r  com- 
p l e t i o n .  T h i s  d e s i g n  was reviewed and d e t a i l e d  by KI e x  e r n a l  
e n g i n e e r i n g .  
P r o v i s i o n s  were a l s o  made f o r  the d e s i g n  o f  a d d i t i o n a l  elec- 
t r i c a l  connec t ions  between the SXT head and the O p t i c a l  Base. 
During t h e  l a t t e r  p a r t  o f  t ihis p e r i o d ,  t h e  s t a r  t r a c k e r  and 
hor i zon  photometer  package d e t a i l i n g  w a s  75% complete.  Design re- 
views w e r e  h e l d  p e r i o d i c a l l y  t o  s i m p l i f y  p roduc t ion .  The pre-  
l i m i n a r y  l e n s  d e s i g n  w a s  d e t e i l e d  and s u b m i t t e d  f o r  o p t i c a l  d e s i g n  
review and checking by t h e  I n t e r n a l  P r o j e c t  Group a t  Kollsman. 
During t h e  same p e r i o d ,  a d d i t i o n a l  e n g i n e e r i n g  s u p p o r t  a c t i -  
v i t i e s  by Kollsman r e s i d e n t s  a t  MIT/IL i n c l u d e d  thermal  a n n l y s e s ,  
s t a r  t r a c k i n g  parameter  a n a l y s e s  and image d i s s e c t o r  t u b e  s t a r  
t r a c k i n g  s y s  t e m  s t u d i e s  . 
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I I n  the a d m i n i s t r a t i o n  a r e a ,  t h e  Kollsman p r o j e c t  o f f i c e  e s t a b -  
I 1.ished a p rocedure  f o r  h a n d l i n g  documenta t ion  drawings  and changes ,  
I which f a c i l i t a t e d  a  more s y s t e m a t i c  and e f f i c i e n t  l i a i s o n  between e x t e r n a l  and i n t e r n a l  p r o j e c t  e n g i n e e r i n g .  I 4 . 2 . 2  E x t e r n a l  Eng inee r ing  - LM 
The above accomplishments  d e s c r i b e  i n  d e t a i l  t h e  t a s k s  pe r -  
formed for  e x t e r n a l  e n g i n e e r i n g  d u r i n g  t h i s  c r i t i c a l  phase .  A l l  
sf t h e  e f f o r t  d e s c r i b e d ,  however, i s  r e l a t i v e  t o  t h e  OUA and MDV. 
I During t h e  l a t t e r  p a r t  o f  t h i s  same p e r i o d ,  e x t e r n a l  e n g i n e e r i n g  
began d e s i g n  d i s c u s s i o n s  and e x e r c i s e s  r e l a t i v e  t o  t h e  Alignment 
O p t i c a l  T e l e s c o p e ,  a p e r i s c o p i c  d e v i c e  to  b e  u sed  aboard  t h e  moon 
l a n d e r ,  t h e  LM v e h i c l e .  
I 4 . 2 . 2 . 1  LM Program P lann ing  
During t h i s  p e r i o d ,  Kollsman w a s  n o t i f i e d  t h a t  t h e  d e s i g n  
c o n c e p t  phase  had been  ex t ended  from 30 September t o  30 November J 1963. As a  r e s u l t  of t h i s  ex t . ens ion ,  t h e  program was reviewed an2  
new man l o a d i n g  r e q u i r e m e n t s  were i n c o r p o r a t e d  as s u g g e s t e d  a t  thz 
NASA r ev i ew  h e l d  a t  MIT/IL. 
I n  acco rdance  w i t h  t h e  r e q u i r e m e n t s  o f  t h e  Design Concept  
S t a t e m e n t  o f  Work, Itollsman s u b m i t t e d  to  NASA/MSC a proposed  LM 
Program i n c l u d i n g  a d e t a i l e d  cost breakdown. I n  a d d i t i o n ,  i n  ac- 
co rdance  w i t h  t h e  Design Concept  S t a t e m e n t  o f  Work, Kollsman sub- 
m i t t e d  a p r e l i m i n a r y  s t u d y  report comparing the LM and CM d e s i g n .  
The f i n a l  r e p o r t  was d e f e r r e d  to 30 November 1963.  
E x t e n s i v e  e f f o r t  was conduc ted  d u r i n g  t h i s  q u a r t e r  on t h e  LM 
p l a n n i n g .  P r e l i m i n a r y  manloading c h a r t s  were deve loped  and submit -  
t e d  w i t h  t h e  p roposed  LEM S t a t e m e n t  of Work t o  NASA/MSC. I n  de- 
v e l o p i n g  t h e  manloading c h a r t s ,  the e n t i r e  program requ i r emen t s  
w e r e  c a r e f u l l y  reviewed.  Only a 24-'man month F i e l d  O p e r a t i o n s  ef-  
f o r t  was s u g g e s t e d  i n  t h e  LPI S t a t e m e n t  of Work due to  l a c k  of f i r m  
i n f o r m a t i o n  o n  s t a r t i n g  d a t e s  i n  t h e  f i e l d .  F o r  s t u d y  p u r p o s e s ,  
s t a r t i n g  d a t e s  were assumed and a F i e l d  O p e r a t i o n s  manloading re- 
q u i r e m e n t  was deve loped .  
4.2.2.2 Ground S u p p o r t  Equipment 
I n  l i n e  w i t h  the p l a n n i n g  aspects, e x t e r n a l  e n g i n e e r i n g  
s t u d i e d  t h e  r e q u i r e m e n t s  f o r  LM GSE and de t e rmined  t h a t  a  f a m i l y  
of devices s imi l a r  t o  t h a t  s u p p l i e d  for the o p t i c a l  u n i t  would be 
a d e q u a t e  . 
---p 
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4.2.2.3 Documentation 
The requi rements  of  Documentation f o r  t h e  Apo1l.o LM program 
were reviewed w i t h  a view toward e s t a b l i s h i n g  s i m i l a r  c o n t r o l s  f o r  
t h i s  e f f o r t  a s  were be ing  used f o r  t h e  Command Module. P re l imina ry  
o u t l i n e s  were be ing  formulated f o r  p r e p a r a t i o n  of  t h e  Documentation 
P l a n ,  R e l i a b i l i t y  P lan ,  Progress  Reports  and o t h e r  documents t h a t  
were r e q u i r e d  e a r l y  i n  t h e  program. 
4.2.2.4 LM AOT D e s c r i p t i o n  
The LM t e l e s c o p e  i s  a wide-angle unit-power t e l e s c o p e  used t o  
measure a n g l e s  between s t a r s  and a set  o f  r e f e r e n c e  axes  f o r  a l i g n -  
i n g  t h e  I M U .  
S ince  the c o n f i g u r a t i o n  of  t h e  LM c a p s u l e  d i f f e r s  cons ide rab ly  
from t h a t  o f  t h e  CM c a p s u l e ,  t h e  scann ing  t e l t s c o p e  a s  des igned  f o r  
the Command Module cannot  be  adapted  t o  LM Thus, t h e  LM tele- 
scope  w a s  o f  a complete ly  new des ign .  
T h e  d e s i g n  phi losophy was t o  s i m p l i f y  t h e  mechanical  con- 
s t r u c t i o n  to  the u l t i m a t e  degree.  The proposed c o n s t r u c t i o n  f o r  
utmost  s i m p l i c i t y  employed an a l l  manual p o l a r  c o o r d i n a t e  system o f  
measuring s t a r  p o l a r  and d e c l i n a t i o n  a n g l e s .  This  was done se- 
q u e n t i a l l y  by r o t a t i o n  of  a reticle c a r r y i n g  a p o l a r  ang le  c u r s o r  
and a d e c l i n a t i o n  s c a l e  c o n s i s t i n g  o f  an Archimedean s p i r a l .  w i t h  
i ts o r i g i n  a t  the c e n t e r  of  t h e  f i e l d .  I n  t h i s  system,  the same 
means o f  r o t a t i o n  and t h e  same scale s e r v e d  f o r  bo th  measurements. 
The f u r t h e r  o b j e c t i v e  of  p l a c i n g  the c o n t r o l s  d i r e c t l y  a t  the 
o p e r a t o r ' s  hand and wholly w i t h i n  the c o n t r o l l e d  environment d ic -  
t a t e d  e a t  t h e  measuring ret icle be a t  t h e  ins t rument s  second f o c a l  
p l a n e ,  t h a t  i s ,  a d j a c e n t  t o  the eyep iece .  
The o r i g i n a l  o b j e c t i v e  of  having  an  i n s t r u m e n t  capable  of  
making a l l  necessa ry  measurements from a f i x e d  o r i e n t a t i o n  o f  the 
f r o n t  o p t i c s  had to  be  compromised because o f  t h e  p r a c t i c a l  l i m i t -  
a t i o n s  on f i e l d  s i z e .  The compromise chosen w a s  t o  provide  t h r e e  
p o s i t i o n s  o f  t h e  o p t i c s .  This  was done by r o t a t i o n s  of  t h e  headend 
a b o u t  the p o l a r  a x i s  which a r e  s e c u r e d  by a p r e c i s e  d e t e n t  means. 
The sugges ted  method was an a d a p t a t i o n  o f  a w e l l  known p r i n c i p l e  
a p p l i e d  t o  p r e c i s i o n  r o t a r y  tables. Matched crown g e a r s  w i t h  a 
s u i t a b l e  number o f  t e e t h  a r e  engaged f a c e  t o  f a c e  under s p r i n g  l o a d  
a s  the d e t e n t .  I t  i s  possible f o r  such a d e v i c e  to  provide  a l l  t h e  
r e s t r a i n t s  t o  a l i g n  the optics i n  each  p o s i t i o n ,  b u t h t h e  i n t e n t i o n  
as used on t h e  LM Telescope i s  to  p rov ide  the a x i a l  d i r e c t i o n  by 
a conven t iona l  b a l l  b e a r i n g  arrangement.  The a x i a l  freedom needed 
to  d isengage  t h e  crown g e a r s ,  w a s  p rovided  by mounting one of  t h e  
p a i r  c o n c e n t r i c a l l y  on a l a r g e  be l lows  which w i l l  pe rmi t  a x i a l  
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disengagement b u t  s t i l l  provide  the xrecessar i ly  r i g i d  t o r s i o n a l  
coup l ing .  The p o r t i o n  of  t h e  o p t i c s  t o  be r o t a t e d  by t h i s  a r range-  
ment w i l l  depend on d e t a i l s  of  t h e  o p t i c a l  d e s i g n .  
The t e l e s c o p e  ex tends  down i n t o  t h e  occupied  a r e a  of  t h e  
v e h i c l e  i n  such a  way a s  t o  impede e n t r y  and e g r e s s .  This  un- 
a v o i d a b l e  i n v a s i o n  o f  space  had l e d  t o  a  d e c i s i o n  t h a t  t h e  lower 
end  of t h e  t e l e s c o p e  be made removable. S i n c e  t h i s  p o r t i o n  c a r -  
ries t h e  measurement d e v i c e ,  i t s  mounting must be p r e c i s e l y  re- 
p e a t a b l e  and s u f f i c i e n t l y  s t r o n g  t o  resist d e f l e c t i o n s  a r i s i n g  
from t h e  p h y s i c a l  c o n t a c t  w i t h  t h e  a s t r o n a u t .  
4 . 2 . 2 . 5  Design C o n s i d e r a t i o n s  
Design e f f o r t  on t h e  LM t e l e s c o p e  was con t inued  a s  t h i s  ef-  
f o r t  had been ex tended  through 31 January  1964. The primary ap- 
proach f o r  t h e  t e l e s c o p e  d e s i g n  e s t a b l i s h e d  d u r i n g  t h i s  t i m e  w i l l  
be b r i e f l y  d e s c r i b e d  and then  a l t e r n a t i v e s  t h a t  were under con- 
s i d e r a t i o n  w i l l  be  no ted .  
A s i g n i f i c a n t  d e s i g n  h a r d l e  was the as t igmat i sm t h a t  was as -  
s o c i a t e d  w i t h  t h e  o p t i c a l  t r a i n  and which l i m i t e d  p o i n t i n g  ac- 
curacy .  E x t e r n a l  e n g i n e e r i n g  s t u d i e d  s e v e r a l  approaches  t o  a- 
m e l i o r a t e  t h i s  problern and c o n t r i b u t e d  much to  t h e  f i n a l  des ign  
change which w a s  most s a t i s f a c t o r y .  
Design o f  the mechanism used f o r  a c t u a t i n g  and r o t a t i n g  t h e  
t e l e s c o p e  f o r  the m u l t i - p o s i  t i o n i n g  o f  t h e  t e l e s c o p e  f i e l d  w a s  
c h a l l e n g i n g  and a c t i v e l y  p a r t i c i p a t e d  i n  by e n g i n e e r i n g .  Design 
e f f o r t  w a s  a l s o  c o n c e n t r a t e d  on t h e  e n c l o s u r e  around t h e  d e v i a t i o n  
( o b j e c t i v e )  pr ism.  A des ign  was r e q u i r e d  which would p r e v e n t  
moondust from con tamina t ing  and obscur ing  t h e  o b j e c t i v e  pr ism and 
l e n s  s u r f a c e s .  The u s e  o f  a  me ta l  hous ing  around t h e  dove pr ism 
w i t h  a  s i n g l e  c i r c u l a r  a p e r t u r e  was cons ide red .  A s p h e r i c a l l y  
s u r f a c e d  sp r ing- loaded  cover  would close the r e f e r e n c e d  s i n g l e  
a p e r t u r e  h o l e  when t h e  t e l e s c o p e  i s  r o t a t e d  t o  the " c l o s e "  pos i -  
t i o n .  
4 . 2 . 2 . 6  Problem A r e a s  
With t h e  comple t ion  o f  des ign  e f f o r t ,  i t  w a s  apparen t  t h a t  
changes recommended by many d i f f e r e n t  groups would b e  d i f f i c u l t  t o  
r e c o n c i l e  i n  t i m e  t o  m e e t  p roduc t ion  schedu les .  Because of t h i s ,  
Kollsman recommended t h a t  t h e r e  be a m o d i f i c a t i o n  of  t h e  d e f i n i -  
t i o n  of  changes r e q u i r i n g  NASA/MIT Design Review Board approva l ,  
so t h a t  o n l y  changes t h a t  w e r e  a c t u a l l y  d i f f e r e n t  d e s i g n  concep t s ,  
s u b s t i t u t i o n  o f  m a t e r i a l s  o r  methods o u t s i d e  o f  e s t a b l i s h e d  docu- 
men ta t ion  would r e q u i r e  t h i s  review. 
*L 
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w 4.2.3 I n t e r n a l  Eng inee r inp  
I n  c o n j u n c t i o n  w i t h  e x t e r n a l  enq inee r inq  e f f o r t s  a t  !?IT, e x t e r -  
n a l  e n g i n e e r i n g  con t inued  to expand and directed t h e i r  e f f o r t s  
toward t h e  implementat ion s t a g e s  o f  t h e  program. T.D. ' s  were 
r e c e i v e d  c a l l i n g  f o r  t h e  s p e c i f i c  fo l lowing  e f f o r t s :  
1. Manufacture f i v e  subsystems f o r  Block I and assemble. 
2.  Manufacture f i v e  MDV's .  
3. F a b r i c a t e  a wooden OL'A mock-up. 
4.  F a b r i c a t e  an MDV s i m u l a t o r .  
5. F a b r i c a t e  OUA breadboard  parts.  
6 .  F a b r i c a t e  LER e y e p i e c e s .  
7. Design and manufacture  GSE f o r  OUA. 
8. Design and manufacture  GSE f o r  MDV. 
During this period,  i n t e r n a l  e n g i n e e r i n g  was f aced  w i t h  a d u a l  
t a s k  of  gret t ing t h e  manufac tur ing  pe r sonne l  s tar ted by p rov id ing  
w them w i t h  the t o o l s ,  equipment and know-how and,  a t  t h e  same t i m e ,  
mon i to r ing  d e s i g n  changes ,  drawing r e l e a s e s  and c u t - i n ' s  t o  mini- 
mize s c h e d u l e  and c o s t  impact. 
To accomplish a c u t - i n  and d e s i g n  c o n t r o l ,  e n g i n e e r i n g  e s t a b -  
l i s h e d  a Design Review Board. The board, a t t e n d e d  by cogn izan t  
d i s ' c i p l i n e s  became the c o n t r o l l i n g  i n s t r u m e n t  through which a most 
e f f e c t i v e  c o o r d i n a t i o n  w a s  ach ieved  and which enab led  many d e s i g n  
changes o f  C l a s s  I and C l a s s  I1 n a t u r e  to  be smoothly cranked i n t o  
t h e  p r o d u c t i o n  c y c l e  w i t h  minimum s c h e d u l e  and c o s t  impact.  
A d d i t i o n a l l y ,  e n g i n e e r i n g  reviewed a l l  t h e  prime equipment 
assembly and test  flow c h a r t s  t o  e n s u r e  they were compat ible  w i t h  
the f a c t o r y  test  equipment.  Manloading and test  equipment l o a d i n g  
c h a r t s  were p repa red  and g iven  t o  Manufacturing.  
Concurren t  w i t h  t h i s  d e s i g n  and f a b r i c a t i o n  o f  r e q u i r e d  f a c t o r y  
'Lest equipment and t o o l i n g  was accomplished. I n  th i s  area, i n t e r n a l  
e n g i n e e r i n g  a c t u a l l y  s i m u l a t e d  t h e  optical parts o f  t h e  SXT and 
t e l e s c o p e .  These s i m u l a t e d  optical assemblies were u t i l i z e d  i n  
l a b o r a t o r y  tests to  v e r i f y  t h a t  the d e s i g n  parameters o f  t h e  FTE, 
e s p e c i a l l y  the p r e c i s i o n  tes t  f i x t u r e  were compatible wi th  t h e  
d e s i g n  o f  the OUA. 
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A s p e c i f i c  accomplishment  d u r i n g  t h i s  p e r i o d  was t h e  pre- 
p a r a t i o n  and s u b m i t t a l  t o  MIT of a l l  e x i s t i n g  al:d new process s:>cci- 
f i c a t i o n s  c o n s i d e r e d  a p p l i c a b l e  t o  t h e  f a b r i c a t i o n  of A p o l l o  equ ip-  
ment. I n  t h i s  a r e a ,  e n g i n e e r i n g  a lso  p rov ided  a d d i t i o n a l  inform- 
a t i o n  tha t  w a s  r e q u i r e d  to  s u p p o r t  the d e l i v e r y  o f  an  o p t i c a l  sub- 
s y s  tern. 
1. Weight ,  C e n t e r  o f  G r a v i t y  and Moment o f  I n e r t i a  r e p o r t s .  
2 .  Pu rchase  s p e c i f i c a t i o n s .  
3. M a t e r i a l  s p e c i f i c a t i o n s .  
4 .  Guidance and Nav iga t ion  i n t e r f a c e  s p e c i f i c a t i o n .  
The d e s i g n  s e c t i o n  of i n t e r n a l  e n g i n e e r i n g  had a c h i e v e d  a 
major e f f o r t  d u r i n g  t h i s  p e r i o d  also. They deve loped  an o u t l i n e  
drawing c o v e r i n g  t h e  p u r c h a s e  and i n s t a l l a t i o n  o f  a d u a l  e n v i -  
ronmenta l  chamber. The d e s i g n  c r i te r ia  i n c l u d e d  viewing p a r t s ,  
a l i gnmen t  t a rge t  p a r t s ,  s u n  s i m u l a t o r  p a r t s  and c y r o g e n i c  s h i e l d  
a r rangements .  P r e l i m i n a r y  e n g i n e e r i n g  was performed i n  deve lop ing  
d e s i g n  s p e c s  f o r  v i b r a t i o n  and shock  f i x t u r e s  also. 
A s  i n d i c a t e d  i n  t h e  p r e c e d i n g  p a r a g r a p h s ,  i n t e r n a l  e n g i n e e r i n g  
was c o n t i n u a l l y  m o n i t o r i n g  and c o n t r o l l i n g  d e s i g n  changes  and t h e  
i s s u a n c e  o f  release drawings .  Design r ev i ew  b o a r d  p e r i o d i c a l l y  
m e t  and  a c h i e v e d  a h i g h  d e g r e e  oC per formance  i n  n o t  o n l y  r e l e a s i n g  
drawings  b u t  o n  making review comments on C l a s s  B d rawings  which 
were forwarded  back t o  MIT. 
With many drawings  released, procurement  and vendor  problems 
s t a r t e d  t o  mount and i n  t h i s  area,  e n g i n e e r i n g  performed a K I /  
vendor/MIT l i a i s o n  and succeeded ,  even  i n  t h o s e  a r e a s  where t h e  
" s t a t e  o f  the a r t "  w a s  b e i n g  t a x e d ,  t o  g e t  a c c e p t a b l e  m a t e r i a l  and 
p a r t s  f a b r i c a t i o n .  Some s i g n i f i c a n t  vendor  problems t h a t  t h r e a t -  
ened s c h e d u l e s  were as f o l l o w s :  
1. Learn s p l i t t e r  
2.  Reticles 
3. TJorm s h a f t  
4 .  64X r e s o l v e r  
5. Op t i ca l  base 
6 .  P r o j e c t i o n  lamp 
'cv Due t o  t h e  c o n c e n t r a t e d  e f f o r t s  o f  K I ' s  i n t e r n a l  e n g i n e e r i n g  
group,  a l l  o f  t h e s e  problems were s o l v e d  w i t h o u t  undue schedu le  
s l i p p a g e .  
4 . 2 . 2 . 1  O p t i c a l  Uni t  Assemkly S t a t u s  
Changes i n  d i s p o s i t i o n  o f  t h e  f i r s t  t h r e e  0p t j . ca i  Uni t s  were 
made a t  this t i m e .  I n s t e a d  o f  f u r n i s h i n g  " p a r t s  o n l y "  on AGE 1, 
2 and 3 ,  assembly of  these systems was accomplished a t  Xollsman 
at M I T ' s  r e q u e s t .  Upon comple t ion ,  t h e s e  u n i t s  were f u r n i s h e d  t o  
I R e l i a b i l i t y  f o r  Thermal I n t e g r i t y  and S t r u c t u r a l  I n t e g r i t y  tests. 
These t h r e e  systems d i d  n o t  r e q u i r e  t h e  accuracy  t h a t  was t o  be 
ma in ta ined  on AGE 4 b u t  r a t h e r  were b u i l t  t o  s p e c i f i c  parameters .  
A t  this t i m e ,  major  emphasis  w a s  c o n c e n t r a t e d  on t h e  f a b r i -  
c a t i o n  and procurement o f  detai led p a r t s  f o r  a l l  systems.  Ex- 
p e d i t i n g  and e n g i n e e r i n g  l i a i s o n  b o t h  w i t h  vendors and in-house 
r e c e i v e d  special a t t e n t i o n  to f a c i l i t a t e  t h e  e a r l i e s t  p o s s i b l e  
r e c e i p t  o f  p a r t s .  T h i s  e f f o r t  con t inued  u n t i l  a l l  t h e  necessa ry  
components were a v a i l a b l e .  
4 . 2 . 2 . 2  MDV S t a t u s  
A l s o  a t  t h i s  t i m e ,  f ami ly  trees f o r  t h e  Map and Data V i e w e r  
w e r e  updated and f u r n i s h e d  to  MIT. The p r o c e s s  c h a r t  was a l s o  re- 
pu viewed and r e l e a s e d .  A procedure  w a s  s tar ted d u r i n g  this  p e r i o d  
where in  t h e  s t a t u s  o f  p a r t s  t h a t  were c r u c i a l  f o r  conforming t o  
schedu le  requi rements  was f u r n i s h e d  t o  MIT by TWX. Extremely 
c l o s e  s u p e r v i s i o n  w a s  ma in ta ined  on c r i t i c a l  parts  t o  remove ob- 
s t a c l e s  as they  occur red .  
Release o f  t h e  p r o j e c t i o n  lamp w a s  a  problem. Samples of t h e  
MIT X 1  c o n f i g u r a t i o n  were r e c e i v e d  from S y l v a n i a  b u t  p r e l i m i n a r y  
tests r e v e a l e d  t h a t  t h e s e  samples were u n s u i t a b l e .  The lamp de- 
veloped by  GE s u f f e r e d  a s e t b a c k  which w a s  a t t r i b u t e d  t o  f i l a m e n t  
coil  d e s i g n .  The new f i l a m e n t  coi l  d e s i g n  w a s  formula ted  and as- 
sembly p rocedures  were developed f o r  the mounting of  f i l a m e n t s  t o  
stems and of  stems t o  b a s e s .  
P r e l i m i n a r y  samples o f  new p r o j e c t i o n  lamps were r e c e i v e d  
from GE and e v a l u a t i o n  tests performed a t  MIT/IL. R e s u l t s  o f  t h e  
tests i n d i c a t e d  t h a t  GE w a s  p roceeding  s a t i s f a c t o r i l y  w i  tll their 
development program -- c o l o r  t empera tu re  f i l a m e n t  theparation and 
power corrsumption o f  these samples were close to  des ign  r e q u i r e -  
I ments.  GE w a s  p roceeding  w i t h  r e f inement s  of  t h e s e  parameters ,  
as w e l l  as i n v e s t i g a t i n g  the p o s s i b j - i i t y  o f  a p p i y i n g  a  s i l v e r  
c o a t i c g  and a  d i c h r o i c  c o a t i n g  to  the bulb. The l o c a t i ~ ?  of  t h e  
f i l a m e n t s  i n  the sample lamps w a s  0 .125 i n c h  closer t o  tne s o c k e t  
than o r i g i n a l l y  in t ended .  As a r e s u l t ,  the i n s u l a t i o n  r i n g  which 
holds the lamp r e q u i r e d  changes to b u i l d  up the lamp s o c k e t  by a 
cor responding  0.125 inch .  * 
u 
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4 . 2 . 2 . 3  L a b o r a t o r y  I n v e s t i g a t i o n  
O p t i c s  - A p r e c i s e  method for  measur ing  the tes t  p l a t e s  f o r  
a l l  l e n s e s  was e s t a b l i s h e d .  The t z s t  p l a t e s  were manufac tured  and 
calibrated u s i n g  t h e  Watts Spherometer  t o  measure t h e  c r i t i c a l  
r a d i i  o f  c u r v a t u r e .  The r e l a y  l e n s e s  and the o b j e c t i v e  l e n s e s  were 
completed .  
An e n g i n e e r i n g  e v a l u a t i o n  was made o f  f a b r i c a t i o n ,  mounting 
and cement ing o f  t h e  dove prism assembly.  T h i s  i n v e s t i g a t i o n  
showed that a method of a i r  c u r i n g ,  t o  a v o i d  ex t r eme  s t r a i n  and 
stress and m a i n t a i n  r e s o l u t i o n  c r i t e r ia ,  was s u c c e s s f u l  f o r  t h e  
dove prism. T h i s  method was employed i n  p r o d u c t i o n  o f  t h e s e  p r i sms .  
A p r o c e s s  o f  g r o o v i n g  the dove prism ( f o r  f r e e  a p e r t u r e )  was a l s o  
s u c c e s s f r ; l l y  d e m o n s t r a t e d  d u r i n g  t h i s  e n g i n e e r i n g  e v a l u a t i o n .  
D e v i a t i o n s  from +-he s p e c i f i c a t i o n s  on t h e  drawings  of b o t h  t h e  
p o l a r o i d  f i l t e r  and SXT beam s p l i t t e r  were a n a l y z e d  w i t h  the ap- 
p r o p r i a t e  vendor s  c o n s i d e r i n g  the r e q u i r e m e n t s  o f  the program and 
the c a p a b i l i t i e s  of t h e  vendors .  Cr i te r ia  f o r  these items were 
e s t a b l i s h e d  f o r  mu tua l  b e n e f i t  and f i r m  orders were p l a c e d  d u r i n g  
this q u a r t e r .  
E l e c t r o n i c s  - During the r e p o r t i n g  period, a breadboard- type  
a m p l i f i e r  and a s o l d e r - t y p e  a m p l i f i e r  were f a b r i c a t e d  to  i n v e s t i -  
gate the e l e c t r o n i c s  f o r  t h e  Map and Data V i e w e r .  These t w o  u n i t s  
were t e a  t e d  for  g a i n  and s t a b i l i t y  c h a r a c t e r i s  tjxs i n  Me labor- 
a t o r y .  
4 .2 .2 .4  AOT S t a t u s  
1. LEM I n t e r n a l  P r o j e c t  E n g i n e e r i n g  Assignments  - Effort 
c o n t i n u e d  i n  e s t a b l i s h m e n t  o f  I n t e r n a l  E n g i n e e r i n g  
(T.D. K-2L) and  P r o j e c t  Management (T.D. K-3L) 
2. LEM Documentation Assignments  - E f f o r t  c o n t i n u e d  under  
t h e  a u t h o r i z a t i o n  of a t e c h n i c a l  d i r e c t i v e  f o r  Docu- 
m e n t a t i o n  (T.  D. K-4L) 
3. LEM E x t e r n a l  Project E n g i n e e r i n g  Assignments  - ~f  f o r t  
c o n t i n u e d  t o  be expended o n  the R e s i d e n t  E f f o r t  (T.D. 
K-1L) and Design A n a l y s i s  (T.D. K-5L). 
T h i s  period proved to be h i g h l y  charged and v o l a t i l e  and pre- 
s e n t e d  a un ique  c h a l l e n g e  to  i n t e r n a l  e n g i n e e r i n g .  I n  summation, 
e n g i n e e r i n g  h a n d l e d  a l l  f a c e t s  i n  a m o s t  admirable manner, They 
had s u c c e s s f u l l y  accompl i shed  t h e  f c l l o w i n g :  
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'W 1. FTE t a s k ,  f i x t u r e s  (Block X )  had been  des igned  and were 
i n  f a b r i c a t i o n .  
2 .  A c t u a l  manufac ture  o f  Block I subassemblies had begun. 
3 .  Process and m a t e r i a l  specs were i n  t h e  p r o c z a s  of being 
f i n a l i z e d .  
4 .  P a r t s  p rob lems ,  j u s t  begun,  were c l o s e l y  mon i to red  and 
c o n t r o l l e d .  
5 .  Knowledge and u n d e r s t a n d i n g  of t h e  opt ica l  u n i t ,  i n  
terms o f  i t s  h i g h  r e l i a b i l i t y  r e q u i r e m e n t s ,  had been  
s u c c e s s f u l l y  d i s s e m i n a t e d .  
6 .  R e l i a b i l i t y  f i x t u r e s  and equ ipment  f o r  env i ronmen ta l  
t e s t i n g  had  been  d e s i g n e d  and were i n  f a b r i c a t i o n .  
7.  Analyses  were p r o c e e d i n g  on a l l  d rawings  and recom- 
menda t ions  c o n s i s t e n t l y  s u b m i t t e d  t o  MIT. 
8.  Design changes  and new releases were smoothly  b e i n g  f e d  
irlto the p r o d u c t i o n  c y c l e .  
ENGINEERING - PERIOD ENDING 31 DECEMBER 1964 
4 . 3 . 1  E x t e r n a l  E n g i n e e r i n q  
Durirrg the e a r l y  p a r t  o f  this period, e x t e r n a l  e n g i n e e r i n g  
a g a i n  i n c r e a s e d  i t s  p e r s o n n e l  t o  s u p p o r t  the Block 11 phase  o f  t h e  
program. A s  per  T.D. K-133 and T.D. K-149, t h e  f o l l o w i n g  changes  
were made : 
1. T.D. K-133 Block I1 R e s i d e n t  E f f o r t  - T h i s  e f f o r t  was 
for  t h e  accomplishment  o f  de ta i l ed  d e s i g n  o f  the Block 
11 O p t i c a l  Subsystem and  the Map and  Data V i e w e r  i n c l u d -  
i n g  e n g i n e e r i n g  s u p p o r t  f o r  t h e  s t a r  t r a c k e t / h o r i z o n  
photomete r  d e s i g n ,  GSE d e s i g n  and  thermal/vacuum d e s i g n  
e v a l u a t i o n .  
2. T.D. K-149 Block 11 R e s i d e n t  E f f o r t  - Prov ided  f o r  one  
r e s i d e n t  electrical  t e c h n i c i a n  t o  MIT f o r  t h r e e  months 
to  become f a m i l i a r  w i t h  t r o u b l e s h o o t i n g  p r o c e d u r e s  and 
aid i n  t e s t i n g  o f  the s t a r  t r a c k e r / p h o t o m e t e r  electro- 
n i c s .  
The e x t e r n a l  e n g i n e e r i n g  work d u r i n g  t h i s  period, a l t h o u g h  
much h a r d e r  i n  scope, s u p p o r t e d  e f f e c t i v e l y  the f o l l o w i n g  areas: 
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1. Balance  o f  B l o c k  I d e s i g n  and changes  
3 .  Block 11, w i t h  e l e c t r o n i c s  
4 .  MDV d e s i g n  
5. AOT (LEM) 
6.  E y e p i e c e s ,  SXT and SCT 
7 .  Var i ed  Analyses  
The f o l l o w i n g  enumera tes  some of the s i g n i f i c a n t  accompl ish-  
ments d u r i n g  t h i s  p e r i o d :  
4 .3 .1 .1  Block I1 Design S t a t u s  
The Block I1 d e s i g n  s t a t u s  was comple ted  and de ta i led .  The 
d e s i g n  was a n  a d a p t a t i o n  o f  a Kollsman d e s i g n  used p r e v i o u s l y  f o r  
p h o t o t r a c k i n g  . 
Redesign o f  SXT Head Assembly - Redesign o f  a l l  major compo- 
n e n t s  w a s  comple ted  w i t h  t h e  e x c e p t i o n  of t h e  e l e c t r o n i c  package. 
The d e s i g n  d e t a i l i n g  was app rox ima te ly  90% comple tea  Checking was 
pending  comple t ion  o f  the e l e c t r o n i c  package d e s i g n  and i n t e r f a c e .  
Redes ign  of SCT p a n e l  - A r e d e s i g n  f o r  a c l e a r a n c e  cut t o  ac-  
commodate a r e s o l v e r  change i n  the SCT shaft gearbox  wds i n i t i a t e d .  
Redes ign  of G p t i c a l  b a s e  assembly - Changes i n  this area con- 
s is ted of a d d i t i o n  of one  tapped  h o l e  f o r  a d d i t i o n a l  c o n n e c t o r  
mounting p l a t e s .  
Redes ign o f  t h e  Block I1 s e x t a n t  shaft gea rbox  :?as p lanned  i n  
order t o  e l i m i n a t e  t h e  a n t i - b a c k l a s h  windup s p r i n g ,  Among ckke 
proposed  methods to  be e x p l c r e d  i s  the i n t r o d u c t i o n  o f  s p l i t  back- 
l a s h  gears. Although g e a r  r a t i o s  and  s e r v o  compot~ent  s p e e d s  were 
n o t  affected by  this change, i t  n e c e s s i t a t e d  r e d e s i g n  of gearbox  
p l a t e s  and hous ing .  When t h i s  r e d e s i g n  w a s  c ~ m p l e t e d ,  d e t a i l i n g  
was i n i t i a t e d  by Xollsman r e s i d e n t  e n g i n e e r .  
RedesLgq of SCT s h a f t  d r i v e  gea rbox  - T h i s  d e s i g n  and de ta i l -  
ing was completed and checked,  
A d d i t i o n a l  F l e x p r i n t s  - Design of t w o  new flexprints w a s  com- 
p l e t e d  . 
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u 4.3.1.2 SXT Eyepiece D e t a i l s  
A minor r e d e s i g n  was made i n  t h e  s e x t a n t  eyepi.ece c a s t i n g  t o  
e l i m i n a t e  t h e  requirement  f o r  t w o  s e p a r a t e  c a s t i n g s  f o r  r e g u l a r  
eyep iece  and long e y e  re l ie f  as sembl ie s .  The s e x t a n t  long eye- 
r e l i e f  eyepiece des ign  h a s  been d e f i n i t i z e d  f o r  a d i s t r i b u t i o n  of 
the f i v e - d i o p t e r  f o c u s i n g  range.  Now f o c u s i n g  w i l l  cover  t h e  
range of from +1 to - 4  diopters i n  a i r .  
The problem o f  f o c u s i n g  t h e  s e x t a n t  under space  vacuun; con- 
d i  t i o n s  was r e s o l v e d  by the e x p e d i e n t  o f  i n c o r p o r a t i n g  tw3 ret icles 
i n  the o p t i c e l  s-*stern. One reticle is a t  M a  focus  of  the objec-  
t i v e  under s,,uf:r;. - : > n d i t i o n s  and the second re t ic le  i s  i n  focus  
under terres?:~ i e  a , m ~ z p h e r i c  c o n d i t f a n s ,  The u t i l i z a t i o n  of  a 
temporary shi i :  r.-t.tded f o c u s i n g  f o r  ground test  ( a i r )  purposes .  
The shim w a s  removed f o r  f l i g h t  (vacuum) use .  
A f u l l  s c a l e  wooden mockup of t h e  MIT/IL des ign  f o r  a scanning  
t e l e s c o p e ,  long  e y e - r e l i e f ,  f u l l  f ie ld-of -v iew eyep iece  r e v e a l e d  
that  i n c o r p o r a t i o n  o f  t h i s  MIT/IL d e s i g n  would c r e a t e  bo th  mounting 
and s t o r a g e  problems. Kollsman was n e a r i n g  completion of  a des ign  
for a f u l l  f i e l d ,  long  e y e - r e l i e f  e y e p i e c e  f o r  t h e  LEM t e l e s c o p e  
which  would r e s u l t  i n  some r e d u c t i o n  i n  s i z e  and weight  by com- 
p a r i s o n  w i t h  t h e  aforement ioned MIT/IL eyep iece .  The p o s s i b l e  in -  
c l u s i o n  o f  this Kollsman des igned  e y e p i e c e  i n t o  t h e  OUA awai ted  a 
b NASA d e c i s i o n  t o  r e q u i r e  f u l l  f i e l d  c a p a b i l i t y  i n  bo th  S e x t a n t  and 
Scanning Telescope w i t h  long  e y e - r e l i e f  e y e p i e c e s .  
P a r a l l e l  w i t h  t h i s  e f f o r t ,  i n v e s t i g a t i o n s  were proceeding a s  
t o  the t y p e  of h e a t e r s  t h a t  would be i n c o r p o r a t e d  i n t o  the eye- 
p i e c e .  
MIT/IL fol lowed up on i ts  l e a d  f o r  a s u p p l i e r  of  sprayed-on 
h e a t e r s  f c r  e y e p i e c e s .  Techniques f o r  use  o f  t h i s  m a t e r i a l  t o  
meet t h e  p a r t i c u l a r  requi rements  was e v a l u a t e d  p r i o r  to  incorpor-8 
a t i n g  the h e a t e r s  i n t o  t h e  e y e p i e c e  des ign .  
Eyepiece h e a t e r s  o f  a formed b l a n k e t  t y p e  was f i n a l l y  selected 
and epoxy-cemented t o  the e y e p i e c e s .  E l e c t r i c a l  leads and con- 
n e c t o r s  were provided  f o r  hookup of Me e y e p i e c e  h e a t e r s  w h i l e  i n  
launch o r  s t o r a g e  p o s i t i o n .  A set o f  p r o t o t y p e  h e a t e r s  f o r  t h e  
f i r s t  test QUA were made up and t e s t i n g  wouSd determine the re- 
q u i r e d  o u t p u t  i n  wattage of t h e  f i n a l  d e s i g n  of t h e  h e a t e r s .  
4.3.1.3 OUA - SXT Details 
A r e d e s i g n  of the S e x t a n t  reticle assembly w a s  made a t  MIT/IL 
t o  s e p a r a t e  the a d j u s t i n g  arid clamping f u n c t i o n s  of  components 
w i t h i n  t h e  assembly. The p r e s e n t  d e s i g n  u t i l i z e d  t a p e r e d  clamps 
b e a r i n g  a g a i n s t  t h e  reticle housing and g l a s s  reticle. The b a s i c  
KOLLSMAN INSTRUMENT CORPORATION 
change i n  t h e  new d e s i g n  i n c o r p o r a t e d  a  re t ic le  mount which was 
a d j u s t e d  by c lamping t a p e r e d  wedges as i n  the c u r r e n t  d e s i g n ;  how- 
e v e r ,  t h e  wedges i n  t h i s  d e s i g n  bear a g a i n s t  m e t a l  and n o t  a g a i n s t  
g l a s s .  The ret icle  i t se l f  was h e l d  i n  i t s  mount by cement.  A f t e r  
t h e  re t ic le  h o u s i n g  h a s  been  a d j u s t e d  f o r  c e n t e r i n g ,  i t  i s  clamped 
by t i g h t e n i n g  t h r e e  screws. The t h r e e  a d j u s t i n g  wedges and t h e i r  
r e s p e c t i v e  screws are removed a f t e r  t h e  c lamping screws have been 
t i g h t e n e d .  
4.3.1.4 Block I1 - E l e c t r o n i c s  
Design i n  the a r e a  of e l e c t r o n i c  i n t e r c o n n e c t i o n  had estab- 
l i shed  t h e  l o c a t i o n  of t h e  c o n n e c t o r  which c o u p l e s  t h e  T r a c k e r  
e l e c t r o n i c  packages  t o  the s h i e l d e d  lead f l e x i b l e  conduc to r .  Th i s  
s h i e l d e d  lead is  t h e  c o u n t e r p a r t  of t h e  f l e x p r i n t  used  i n  t h e  
i n t e r c o n n e c t i o n  of t h e  s e r v o  s y s  terns. 
I t  was d e c i d e d  t h a t  t h e  i n t e r c o n n e c t i o n  o f  t h e  tracker modules 
r r i t h i d  t hemse lves  would be accompl i shed  by the u s e  of a  t e r m i n a l  
boa rd .  The c o n n e c t i o n  of t h e  t e r m i n a l  b o a r d  o f  the f l e x i b l e  con- 
d u c t o r  c o n n e c t o r  would be accompl i shed  by t h e  u s e  of an i n t e r -  
mediary  h a r n e s s .  Design e f fo r t  was directed toward o p t i m i z i n g  t h e  
shape, l a y o u t  and mechan ica l  a t t a c h m e n t  o f  t h i s  t e r m i n a l  b o a r d  t o  
the r e l a t e d  assembly.  
A f i x t u r e  t o  mount a Block I1 S t a r  T r a c k e r  U n i t  o n t o  a Wild 
T-3 T h e o d o l i t e  w a s  d e s i g n e d  by Kollsman r e s i d e n t  e f f o r t .  T h i s  
f i x t u r e  was used  for  MIT/IL e v a l u a t i o n  o f  a t r a c k e r  assembly.  The 
f i x t u r e  p r o v i d e d  a l i g n m e n t  of the T r a c k e r  t o  t h e  t h e o d o l i t e  l i n e  
of s i g h t .  
Design s t u d i e s  were p l anned  f o r  the f o l l o w i n g  areas: 
1. A s u n  p r o t e c t i o n  d e v i c e  and associated mechanics f o r  
t h e  S t a r  T r a c k e r  and Horizon Photomete r .  
2.  A l i g h t  s h i e l d  assembly w i t h i n  the o u t e r  c o v e r  o f  t h e  
Scann ing  Te le scope  to r educe  or  minimize  s t r a y  l i g h t  
from e n t e r i n g  the Scanning  T e l e s c o p e  o p t i c a l  s y s  tern 
th rough  the dove pr ism.  
Error a n a l y s e s  were performed on the P r e c i s i o n  T e s t  F i x t u r e ,  
S h o r t  P e r i s c o p e ,  Alignment  Mirror Assembly, and O p t i c a l  Labora to ry  
Targets. Accord ing ly ,  r e p o r t s  were p u b l i s h e d  p r e s e n t i n g  the de- 
t a i l e d  r e s u l t s  o f  each  a n a l y s i s .  
A v i b r a t i o n  a n a l y s i s  was per formed  and a r e p o r t  was p u b l i s h e d  
on v ~ r i o u s  t y p e s  o f  o p t i c a l  h o i d i n g  s t a n d s  f o r  s u p p o r t i n g  t h e  
L a b o r a t o r y  T a r g e t s .  Th6 e f f o r t  y i e l d e d  c o n c e p t u a l  d e s i g n  o f  an  
o p t i m i z e d  h o l d i n g  s t a n d  (in terms of r e s o n a n t  f r equency)  weighing 
1 , 2 0 0  pounds and with a n a t u r a l  f r equency  of app rox ima te ly  288 cps. 
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4.3.1.5 Drawing S t a t u s  
OPTICAL U N I T  - BLOCK I - The s t a t u s  o f  d rawings ,  a t  tha t  t i m e ,  
for O p t i c a l  U n i t  i s  shown i n  T a b l e  4-3. T h i s  t a b u l a t i o n  i n c l u d e s  
the drawings  r e q u i r e d  t o  implement t h e  A u x i l i a r y  Long Eye-Relie  f 
e y e p i e c e  and the r e v i s e d  SCT e y e p i e c e  which r e p l a c e d  t h e  t u r r e t  
d e s i g n .  These  f i g u r e s  do n o t  i n c l u d e  Block I1 O p t i c a l  U n i t  r e6e-  
s i g n .  
T a b l e  4-3 
OPTICAL UNIT 




Deta i l s  
DWGS COMPLETED CLASS "A" QUANTITY 
REQUIRED QUANTITY PERCENT QUANTITY PERCENT 
OPTICAL UNIT - BLOCK I1 - The s t a t u s  of drawings  a t  t h a t  t i m e  
for t h e  Optical  U n i t  i s  p r e s e n t e d  i n  T a b l e  4-4.  
T a b l e  4-4 
OPTICAL UNIT 
BLOCK 11, DRAWING STATUS* 
QUANTITY DWGS COMPLETED 
DRAWING REQUIRED QUANTITY PERCENT 
Assys 1 3 1  131 100% 
Details 413 405 9 8% 
S.C.D. 's 9 3 90 9 7% 
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MAP AND DATA VIEWER - The s t a t u s  o f  drawings a t  t h a t  t i m e  for 
the Map and Data V i e w e r  i s  shown i n  Table 4-5. 
Table 4-5 
BLOCK I ,  
MAP AND DATA VIEWER DRAWING STATUS 
( I N C L U D I N G  RECENT DESIGN CHANGES) 
I 
DWGS RELEASED 
DWGS COMP%ETED CLASS "A"  QUANTITY 
DRAWING REQUIRED QUANTITY PERCENT QIJANTITY PERCENT 
Assys  
S . C . D .  's 
LUNAR MODULE - The e x t e r n a l  e n g i n e e r i n g  e f f o r t  cont inued  a t  
MIT/IL i n  t h e s e  s p e c i f i c  areas: 
1. R e s i d ? n t  E f f o r t  
2 .  Design Ana lys i s  
3. P r o j e c t  O f f i c e  
A t  t h i s  t i m e ,  t h e  LM t e l e s c o p e  d e s i g n  w a s  approximately  95% 
complete.  The upper o r  t e l e s c o p e  d e s i g n  l a y o u t  was approved by 
t h e  Design Review Board and was pending r e l e a s e  f o r  d e t a i l i n g .  
The lower o r  e y e p i e c e  u n i t  des ign  l a y o u t  w a s  completed e x c e p t  f o r  
d e s i g n  s t u d y  concerning a f l e x i b l e  s h a f t  coupled  to  t h e  reticle 
knob. The o p t i c a l  des ign  d a t a  was completed e x c e p t  f o r  in fo rmat ion  
rega rd ing  t h e  s p i r a l  ret icle from MIT/IL. 
4 . 3 . 2  I n t e r n a l  E n g i n e e r i n ~  
T h i s  w a s  a very  s i g n i f i c a n t  p e r i o d  i n  t h a t  a c t u a l  hardware 
d e l i v e r i e s  w e r e  scheduled  to  beg in .  I n t e r n a l  e n g i n e e r i n g ' s  s u p p o r t  
r a t e ,  a l though  s t i l l  c o n t i n u i n g  i n  an o v e r a l l  mode, had t o  s h i f t  
heavily to  t h e  s u p p o r t  o f  manufactur ing and vendors .  During t h i s  
phase ,  much o f  t h e  p rev ious  p lann ing  and p e r i p h e r a l  s u p p o r t  began 
to  bear r e s u l t s .  I n  e f f e c t ,  i n t e r n a l  e n g i n e e r i n g  c o n c e n t r a t e d  on 
.- 
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w e n s u r i n g  a smooth mesh and mar r i age  o f  the Program's hardware and 
so£ tware i n t o  a w e l l  i n t e g r a t e d  manufacuring f low. 
The w o r k  c o m ~ l e t e d  dur ing  t h i s  p e r i o d  r e s u l t e d  i n  many ref in; -  
ments t o  the t e s t i n g  and assembly procedures  i n  bo th  t h e  SXT and 
SCT a r e a s .  The most s i g n i f i c a n t  improvements were i n  t h e  procedures  
o f  s e t t i n g  up s h a f t  b e a r i n g s ,  matching s e n s i t i v e  o p t i c a l  components 
f o r  enhanced r e s o l u t i o n  and e l i m i n a t i o n  o f  p a r a l l a x ,  c l o s e r  c o n t r o l  
o f  s e t t i n g  of  t r i m  p o t s  and SCT Resolvers  t o  e l i m i n a t e  b i a s  e r r o r s  
over the complete  angu la r  range.  G e n e r a l l y ,  a l l  o f  t h e  i n s p e c t i o n  
methods t o  e l i m i n a t e  human error, whenever p o s s i b l e ,  were improved. 
I 
A s  w a s  a n t i c i p a t e d ,  problems a r o s e  i n  t h e  vendor and manu- 
f a c t u r i n g  a r e a s .  The s o l v i n g  o f  t h e s e  problems on an  e x p e d i t i o u s  
bas is  was t h e  h i g h l i g h t  o f  t h i s  p e r i o d .  The f o l l ~ ~ q i n g  o u t l i n e s  
some of these d i f f i c u l t i e s :  
4.3.2.1 O p t i c a l  Uni t  Assemblies - S e x t a n t  
VENDOR PROBLEM AREAS - P o l a r o i d  f i l t e r s  to -da te  had been sup- 
p l i e d  by r e p e a t e d  rework and r e s e l e c t i o n  from reworked l o t n .  
Under t h e s e  c o n d i t i o n s ,  r e s u l t s  were marg ina l  and u n s a t i s f a c t o r y .  
The problem was t h a t  P o l a r o i d  had exper i enced  d i f f i c u l t y  i n  
m a i n t a i n i n g  t i g h t  f l a t n e s s  requi rements  o f  t w o  l i g h t  f r i n g e s  . 
*U 
Changes were p rocessed  t o  remove t h e  c o a t i n g .  P o l a r o i d  was then  
a b l e  to  s u c c e s s f u l l y  rework f o u r  u n i t s  and proceeded w i t h  t h e  re- 
work of t h e  a d d i t i o n a l  p a r t s .  
Bendix was exper i enc ing  d i f f i c u l t i e s  i n  the a r e a  o f  accuracy ,  
i n s u l a t i o n  r e s i s t a n c e ,  and mechanical  t o l e r a n c e s  i n  r e g a r d s  to  t h e  
6 4 X  r e s o l v e r .  K I  Engineer ing  and Q u a l i t y  C o n t r o l  k e p t  i n  c l o s e  
l i a i s o n  w i t h  Bendix which cu lmina ted  i n  a change t o  t h e  Procure-  
ment S p e c i f i c a t i o n  which r e l a x e d  s e v e r a l  t roublesome requi rements .  
As a r e s u l t ,  vendor promises were more r e a l i s t i c .  
De l ive ry  on reticles from D. Mann w a s  ex t remely  s l o w ,  b u t  
through p e r s o n a l  e n g i n e e r i n g  v i s i t s  and phone l i a i s o n ,  the r a t e  o f  
p r o d u c t i o n  improved s u f f i c i e n t l y  t o  cover  f a b r i c a t i a n  through 
o p t i c a l  u n i t  6.  
The s u p p l i e r s  o f  t h e  1010610 motor g e n e r a t o r  were having  d i f -  
f i c u l t y  d e l i v e r i n g  t h e  r e q u i r e d  q u a n t i t y  of  motors because  of  t h e  
ax i s  error s p e c i f i c a t i o n .  K e a r f o t t  found t h a t  a f t e r  burn- in  on ly  
35% of the u n i t s  passed  t h i s  r equ i remen t  and they  r e q u e s t e d  a 
change to 4 mv. I n v e s t i g a t i o n  o f  the p o s s i b l e  e f f e c t  on system 
accuracy  w a s  made by MIT. Table 4-6 shows the r e s u l t s  obtained a t  
M I 1 ,  
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Tab le  4-6 
MOTOR GEirJERATOR A X I S  ERROR 
MECH. ERROR FOR 
ANGLE ERROR SENSITIVITY 4 mv. TACH. 




. 4  sec. 
16 sec. 
16 sec. 
From t h i s  d a t a ,  i t  was d e c i d e d  t o  p u r c h a s e  t w o  d i f f e r e n t  
motors  a g a i n s t  t h e  drawing 1010610-1 w i t h  2 mv a x i s  error and 
1010610-2 w i t h  4 mv a x i s  error. The 1010610-2 would be used  i n  
the less c r i t i c a l  a p p l i c a t i o n s  and n o t  i n  t h e  S e x t a n t  Trunnion.  
The d e l i v e r y  o f  r e l a y s  were a c r i t i c a l  i t e m  i n  t h a t  t h e  vendor 
was able t o  d e l i v e r  o n l y  smarl q u a n t i t i e s  a t  a t i m e  i n  conformance '(I 
t o  a l l  r e q u i r e m e n t s  o f  t h e  drawing.  Kollsman ordered a d d i t i o n a l  
u n i t s  from a second  q u a l i f i e d  vendor  (the o n l y  o t h e r  q u a l i f i e d  
s o u r c e )  and s u f f i c i e n t  u n i t s  were in -house  and  on r o u t e  to  
Kvllsman to  s a t i s f y  r e q u i r e m e n t s  t h rough  AGE'S 6 ,  7 ,  8 ,  and 20. 
WUAUFACTURING PROBLEM AREAS - E n g i n e e r i n g  e f f o r t  w a s  a l s o  
c o n c e n t r a t e d  o n  i n v e s t i g a t i o n s  f o r  s o l u t i o n s  t o  r e c u r r i n g  problems 
t h a t  had e i t h e r  r e t a r d e d  p r o d u c t i o n  or  r e s u l t e d  i n  c o n d i t i o n a l  
a c c e p t a n c e  (v ia  w a i v e r s ) .  Among t h e  problems worked on  were t h e  
fo l lowing :  
SXT S h a f t  P e r p e n d i c u l a r i t y  - The c o n s i s t e n t  p e r p e n d i c u l a r i t y  
d i s c r e p a n c y  between v e r t i c a l  and h o r i z o n t a l  o p t i c a l  u n i t  o r i e n t a -  
t i o n  w a s  i n v e s t i g a t e d .  I t  had  become a p p a r e n t  that  t h e  discre- 
pancy w a s  n o t  a t t r i b u t a b l e  to t h e  Op t i ca l  U n i t ,  b u t  r a t h e r  t o  the 
P T F 9 s  r e f e r e n c e s  and  the t e c h n i q u e  fo r  their s e t t i n g .  The i n v e s t i -  
g a t i o n  r e s u l t e d  i n  a l l  e x i s t i n g  PTF9s  b e i n g  examined and estab- 
l i s h i n g  t h e  n e c e s s a r y  r e v i s i o n s  to  c e r t i f i c a t i o n  equipment  and pro- 
) c e d u r e s  t o  e l i m i n a t e  o r  s u b s t a n t i a l l y  r educe  t h i s  d i s c r e p a n c y .  
SXT Reticle E c c e n t r i c i t y  - Manufac tu r ing  had a problem of 
s e c u r i n g  the ret icle  and o b j e c t i v e  l e n s  a g a i n s t  s h i f t i n g  under  
v i b r a t i o n .  E n g i n e e r i n g  i n v e s t i g a t i o n s  r e s u l t e d  i n  t h e  submis s ion  
of changes  to  MIT which were s u b s e q u e n t l y  i n c o r p o r a t e a  i n  Block II 
sys tems .  
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w Specks on Reticles - Microscopic  examinat ions  had i n d i c a t e d  
t h a t  t h e  l i g h t  b a f f l i n g  s p r i n g  washers  above t h e  SXT and SCT 
reticles tended t o  shed  t h e i r  o p t i c a l  b l ack  c o a t i n g  under stress 
and s t r a i n .  While a l t e r n a t e  f i n i s h e s  and a l t e r e d  b a f f l e  des igns  
w e r e  i n v e s t i g a t e d  f o r  Block 11, s p e c i a l  b rush ing  and c l e a n i n g  
t echn iques  were employed on the remainder o f  B l a c k  I .  
SXT Reticle Lamp F a i l u r e s  - I t  w a s  concluded,  through engi -  
n e e r i n g  e x p e r i m e n t a t i o n ,  t h a t  lamp envelope  f r a t  lres were a t -  
t r i b u t a b l e  t o  t h e  r i g i d i t y  o f  t h e  bonding a g e n t  used t o  r e t a i n  t h e  
I imps i n  t h e i r  c a v i t i e s .  A change r e q u e s t  was pursued which sub- 
s t i t u t e s  RTV 881 e n c a p s u l a n t  f o r  t h e  Eccobond 45 adhes ive  p r e s e n t l y  
b e i n g  s p e c i f i e d .  
Double Dove P r i s m s  - The double  dove pr i sms  were a r e c u r r i n g  
manufac tur ing  and q u a l i t y  c o n t r o l  problem i n  s p i t e  o f  e x t r a  e f f o r t  
t o  improve q u a l i t y  . C a r e f u l  i n v e s t i g a t i o n  showed t h a t  t h e o r e t i c a l  
r e s o l u t i o n  v a l u e s  were c l o s e l y  approached b u t  t h a t  t h e  t h e o r e t i c a l  
r e s o l u t i o n  w a s  i t s e l f  marg ina l  from t h e  SCT f u n c t i o n a l  requi rements .  
The pr isms were a  problem i n  mounting because  of  t h e i r  s m a l l  s i z e ,  
d e l i c a t e  s e n s i t i v i t y  to  s t r a i n  and l a r g e  l e v e r a g e  on t h e  f i n a l  ac- 
curacy .  P r o g r e s s  was made i n  s o l v i n g  t h e s e  problems by i n t i m a t e  
l i a i s o n  w i t h  K I  o p t i c a l  depar tment  and manufactur ing personnel .  
SCT Trunnion S t i c t i o n  - The combinat ion o f  worm d r i v e  and t h e  
b h i g h  speed  d i f f e r e n t i a l  were proving  t o  be t h e  s o u r c e  of  r e p e a t e d  
f a i l u r e s  f o r  manufactur ing to  meet t h e  s p e c i f i e d  f r i c t i o n  l e v e l  on 
the SCT Trunnion.  A recommendation w a s  made a f t e r  i n v e s t i g a t i o n  
to  reduce t h e  s t i f f n e s s  o f  t h e  a n t i - b a c k l a s h  s p r i n g  and ma in ta in  
c l o s e r  c o n t r o l  o f  b e a r i n g  end p l a y  i n  t h e  gearbox.  
SCT S h a f t  and Trunnion Accurac ies  - Research i n t o  t h e  charac-  
teristics o f  t h e  Block I O p t i c a l  U n i t s  assembled and g e a r  t r a i n  
a n a l y s i s  o f  t h e  gearboxes  invo lved  i n d i c a t e d  t h a t  t h e  tendency t o  
exceed a c c u r a c i e s  was i n h e r e n t  i n  t h e  des ign .  !Wo approaches were 
t a k e n  t o  remedy t h e  c o n d i t i o n .  One approach i n i t i a t e d  was a re- 
q u e s t  f o r  a d e s i g n  change i n  which a n t i - b a c k l a s h  g e a r s  were u t i -  
l i z e d  a t  t h e  c r i t i c a l  mesh i n  each  gearbox.  The o t h e r  approach 
invo lved  a change i n  t h e  c r i t e r ia  f o r  accep tance  of gearboxes a t  
the subassembly l e v e l  to  i n s u r e  improved accuracy  c h a r a c t e r i s  t i c s  
a t  f i n a l  assembly. The cr i ter ia  f o r  accep tance  o f  t h e  f i n a l  as-  
sembly was reviewed f o r  t h e  purpose o f  s u b s t i t u t i n g  a  mean accuracy 
requirement o v e r  the e x c u r s i o n  range  o f  t h e  SCT i n s t e a d  of a  po in t -  
to -po in t  accuracy  requirement .  The mean accuracy  requi rement  was 
found more u s e f u l  than  t h e  former p o i n t - t o - p o i n t  technique .  
S i l i c o n  Exudate - Pre l imina ry  tests had i n d i c a t e d  that the 
m o i s t u r e  which appeared between t h e  o p t i c a l  u n i t  p a n e l s  and b a s e ,  
when the u n i t  was opened, exuded from t h e  p o r e s  o f  t h e  b e r y l l i u m  
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surf aces  under  the clamping p r e s s u r e  o f  t h e  p a n e l  mounting screws. 
R e s u l t s  o f  h i g h  t e m p e r a t u r e ,  h igh  vacuum bake-out  tests had been 
e n c o u r a g i n g  and t h i s  t e c h n i q u e  employed t o  c o n d i t i o n  the remainder  
of Ulock I b a s e s  and p a n e l s .  
Leakage Rate  Throuqh O p t i c a l  U n i t  - An i n t e r n a l  o p e r a t i o n  
shee t  c o n t r o l l e d  t h e  l e a k a g e  t e s t i n g  o f  t h e  O p t i c a l  u n i t .  A more 
f o r m a l i z e d  t e s t  w i t h  improved f i x t u r i z a t i o n  was s u b m i t t e d  f o r  MIT/ 
IL a p p r o v a l  a s  a n  a d d i t i o n  t o  t h e  FTM. 
4 . 3 . 3  - I n t e r n a l  E n g i n e e r i n g  - Block I1 ( w i t h  e l e c t r o n i c s )  
4 .3 .3 .1  B l o c k  1 (100 S e r i e s ) / B l o c k  I1 Design 
I n i t i a l  e n g i n e e r i n g  i n v e s t i g a t i o n  o f  t h e  B l o c k  I (100 S e r i e s )  / 
b l o c k  I1 d e s i g n  i n c o r p o r a t i n g  the Horizon S e n s o r  and S t a r  T r a c k e r  
w a s  i n  p r o g r e s s  a l s o  a t  t h e  t i m e .  
The three t u n i n g  f o r k  o s c i l l a t o r s  manufac tured  under  t h e  
amendment t o  T.  D .  -119 were d e l i v e r e d  t o  MIT and worked s a t i s f a c -  
t o r i l y .  The remain ing  modules ( 2  power s u p p l i e s  and 2 pho tode t ec -  
tors and p r e a m p l i f i e r s )  were d e l i v e r e d  by dune 30. O r i g i n a l s  o f  
s k e t c h e s ,  which were used t o  manufac tu re  t h e s e  modules,  were de- 
l i v e r e d  t o  MIT. Kollsman i n v e s t i g a t e d  the f e a s i b i l i t y  o f  i n c o r -  
pox a t i n g  t h e  complete e l e c t r o n i c s  f o r  t h e  t r a c k e r  and h o r i z o n  
pho tome te r  i n  the S e x t a n t  head.  S e v e r a l  a l ter r  3te d e s i g n  approaches  
appea red  f e a s i b l e  f o r  i n c o r p o r a t i n g  these mod1 s i n  t h e  S e x t a n t  
head .  
A wooden mocku,p of t h e  S e x t a n t  Head, i n c o r p o r a t i n g  the S ta r  
T r a c k e r  and  Horizon Photomete r ,  was manufac tured  f o r  t h e  i n v e s  ti- 
g a t i o n  o f  assembly and i n t e r c o n n e c t i o n  problems a s s o c i a t e d  w i t h  
the e l e c t r o n i c  modules.  
A l a b o r a t o r y  darkroom w a s  se t  up ,  i nc lud i r rg  a n  o p t i c a l  bench 
and  s imulacrum,  f o r  e n g i n e e r i n g  e v a l u a t i o n  and checkout o f  the 
e l e c t r o n i c  modules.  
4 . 3 . 3 . 2  OUA Environment  T e s t i n g  
THERMAL - C o n c u r r e n t  w i t h  the above e f f o r t ,  t h e  R e l i a b i l i t y  
segment  o f  i n t e r n a l  e n g i n e e r i n g  c a r r i e d  o u t  i n t e n s i v e  a n a l y s e s  on 
the OUA r e l a t i v e  to  Thermal and mechanica l  i n t e g r i t y .  These were 
accompl i shed  i n  acco rdance  w i t h  T e D o  K-61, 60 ,  and  98. 
I 
The thermal a r ~  1- ;is, conduc ted  i n  o u r  new e n v i r o n m e n t a l  
space chamber,  r e s u *  d i n  specific and s i g n i f i c a n t  c o n t r i b u t i o n s  
to conf i rming  the i n t e g r i t y  o f  the d e s i g n .  E n g i n e e r i n g  took  t h e  
test data on t h e  solar  s i m u l a t o r  c y c l e  and e l e c t r i c a l  power dis-  
s i p a t i o n  and c o n v e r t e d  it i n t o  computer  i n p u t  data. A computer  
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run  was performed and the d a t a  was p l o t t e d .  Comparison w i t h  t h e  
tes t  r e s u l t s  showed e x c e p t i o n a l l y  good c o r r e l a t i o n ,  w i t h  only  
minor ad j u s  tmento r e q u i r e d  i n  t h e  a n a l y s i s  model. 
MECHANICAL INTEGRITY - OUA v i b r a t i o n  tests were conducted i n  
accordance w i t h  t h e  ha rd  mount v i b r a t i o n  s p e c i f i c a t i o n  f o r  launch 
and e n t r y  a t  t h e  1 / 3  l e v e l  a long  each  o f  t h e  three axes .  The f o l -  
lowing d i s c r e p a n c i e s  were noted:  
1. The SCT pane l  eyep iece  window loosened ( F a i l u r e  Report 
2951). 
2 .  The SXT re t ic le  e c c e n t r i c i t y  s h i f t e d  9 seconds from t h e  
b a s e l i n e  d a t a .  
3. B o l t s  were s c o r e d  due t o  a p p a r e n t  r e l a t i v e  motion be- 
tween t h e  O p t i c a l  Base and t h e  v i b r a t i o n  f i x t u r e  
( B e l l e v i l l e  washer c o m ~ r e s s i o n j  .
Using new mounting hardware,  and a f t e r  t i g h t e n i n g  t h e  l o o s e  
window, v i b r a t i o n  tests were conducted i n  accordance wi th  the  h a r d  
mount v i b r a t i o n  s p e c i f i c a t i o n  f o r  High "Q" Abort ,  a t  t h e  1 /3  l e v e l ,  
a long  each of t h e  t h r e e  axes .  The f o l l o w i n g  d i s c r e p a n c i e s  were 
noted :  
1. The SXT reticle s h i f t e d  14 seconds  from the p o s i t i o n  
fo l lowing  t h e  launch and e n t r y  test. 
2. The bolts  were s c o r e d  as above,  i n d i c a t i n g  a  d e f i n i t e  
compression of  the B e l l e v i  b l e  washers .  
The SXT ret ic le  w a s  r e a d j u s t e d  and a b a s e l i n e  FTM w a s  per-  
formed i n  p r e p a r a t i o n  for t h e  shock tests. 
Shock tests were performed a t  15g,  20g, 25g, and 30g, 6 m i l l i -  
second t e r m i n a l  peak sawtooth p u l s e ,  a l o n g  t h e  i X c m ,  'Ycm, and 
+Zcm d i r e c t i o n s ,  two ( 2 )  drops  per l e v e l ,  p e r  d i r e c t i o n .  
A c c e l e r a t i o n  tests were performed a t  20g,  25g, 30g, 35g, and 
40g along the X tY,, and tZcm d i r e c t i o n s  f o r  f i v e  minutes  p e r  
d i r e c t i o n .  
A c o u s t i c  tests were performed for  five minutes  i n  accordance 
w i t h  t h e  spectrum s p e c i f i e d  i n  the test procedure .  
Arm FTM was perfontied following these tests and showed no dew- 
g r a d a t i o n  o f  t h e  OUA. 
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STRESS ANALYSIS - A v i b r a t i o n  a n a l y s i s  of tl!c OUA was now 
performed to d e t e r m i n e  t h o  dynamic b e h a v i o r  o f  selected e l emen t s  
o f  t h e  assembly.  I n  a d d i t i o n ,  e v a l u a t i o n  o f  unusua l  and e x c e s s i v e  
shock l o a d i n g  on t h e  OUA, imposed d u r i n g  e a r t h l a n d i n g  was con- 
d u c t e d  s p e c i f  i c a l l y  i n  terms of crew s a f e t y  r e q u i r e m e n t s .  T h e s e  
a n a l y s e s  were used  t o  de t e rmine  c r i t i c a l  a r e a s  and were very  h e l p -  
f u l  i n  d e t e r m i n i n g  p o i n t s  of measurement fo r  t h e  AGE 2 mechanica l  
i n t e g r i t y  tests (T.D. K-61). 
The f i n a l  report on t h i s  a n a l y s i s  e f f o r t  was completed  and 
i s sued .  
W i t h  t h e  c o n c l u s i o n  of the above t e s t i n g ,  a  review and s t u d y  
a n a l y s i s  was made of a l l  t e s t i n g  performed t o - d a t e  and c o n c l u s i o n s  
were d e r i v e d  t h e r s f  rom. A l l  d a t a  was t r a n s m i t t e d  t o  MIT. 
A b r i e f  r e p o r t  was a l s o  p u b l i s h e d  c o n t a i n i n g  i n f ~ r m a t i o n  de- 
r i v e d  from t h e  AGE 1 test  c y c l e s  I ,  I1 and 111. The spec i f ic  d a t a  
( r e q u e s t e d  by the Apo l lo  R e l i a b i l i t y  Group) p e r t a i n e d  t o  minimum 
and maximum t e m p e r a t u r e s  i n  t h e  v i c i n i t y  o f  t h e  p roposed  l o c a t i o n ,  
i n  the Block I1 c o n f i g u r a t i o n ,  o f  t h e  p h o t o  t u b e  and o p t i c a l  e r r o r s  
i n  the p r e c i s i o n  a n g l e  o b s e r v e d  i n  t h e  test  c y c l e s  ment ioned above. 
I n  acco rdance  w i t h  v e r i o u s  c n n c l u s i o n s  drawn from s e v e r a l  
mee t ings  h e l d  between MIT/IL and Kollsman,  e v a l u a t i o n  g roup  loca -  
t i o n s  f o r  t h r e e  thermocouples  were chosen  f o r  t h e  AGE 20 u n i t .  The 
l o c a t i o n s  were chosen so t h a t  North ~ m e r i c a n  A v i a t i o n  c o u l d  main- 
t a i n  the p r o p e r  t h e ~ m a l  i n p u t  t o  t h e  s t r u c t u r a l  i n t e r f a c e  between 
the Command Module s t r u c t u r e  and the O p t i c a l  U n i t .  
4 . 3 . 4  I n t e r n a l  E n g i n e e r i n g  -  MDV 
4 . 3 . 4 . 1  Design A n a l y s i s  Conference  
A mee t ing  was h e l d  among c o g n i z a n t  Kollsman MCV Project Engi- 
n e e r s  t o  d i s c u s s  d e s i g n  problems n e e d i n g  immediate and /or  l o n g  
range  x e c t i f i c a t i o n  by MIT and Kollsman. 
The d e s i g n  problem a r e a s  l i s t ed  below were d i s c o v e r e d  d u r i n g  
f a b r i c a t i o n  and  d e s i g n  e v a l u a t i o n  v i b r a t i o n  o f  the f i r s t  Map a r ~ d  
Data V i e w e r :  
RELAY SWITCHING - The f o u r  l a t c h i n g  r e l a y s  used  f o r  f i l m  d i -  
r e c t i o n  c o n t r o l  w e r e  n o t  s w i t c h i n g  i n  the correct sequence  i n  one 
module. I n i t i a l  b r eadboa rd  t e s t i n g  of s w i t c h  network i n d i c a t e d  an 
KOLLSMAN iNSTRUMENT CORPORATION 
i n t e r d e p e n d e n c e  between r e l a y s ,  r e l a y  i n d u c t a n c e s ,  r e l a y  p o s i t i o n  ? 
and C8, C9 c a p a c i t a n c e  v a l u e s .  The p r e s e n t  d e s i g n  o f  t h e  r e l a y  
c i r c u i t  used f o r  f * l m  d i r e c t i o n  c o n t r o l  u t i l i z e d  t h e  i n d u c t a n c e  of 
t h e  r e l a y  co i l  i n  an LC c i r c u i t  t o  e f f e c t  s w i t c h i n g .  Induc tance  
of  the r e l a y  c o i l  w a s  n o t  a c o n t r o l l e d  pa rame te r  o f  t h e  r e l a y  
1006772-2 and i n  f a c t ,  v a r i e d  app rox ima te ly  3 : l  between two ap- 
p roved  m a n u f a c t u r e r s  . I n  a d d i t i o n ,  one  m a n u f a c t u r e r  i n d i c a t e d  
t h a t  h i s  r e l a y s  i n  any b a t c h  c o u l d  v a r y  a s  much as 30%. Breadboard 
t e s t i n g  of t h e  r e l a y  s w i t c h i n g  c i r c u i t  i n d i c a t e d  t h a t  i t  was neces -  
s a r y  t o  match c a p a c i t o r s  w i t h  r e l a y s  t o  o b t a i n  a  c o r r e c t l y  ope r -  
a t i n g  c i r c u i t .  F u r t h e r  b r e a d b o a r d  t e s t i n g  was under  way as t h i s  
problem r e q u i i e d  immedia te  a t t e n t i o n .  
MODULE ENCAPSULATION - Immediate i n v e s t i g a t i o n  was r e q u i r e d  on  
the material  b e i n g  used as an  e n c a p s u l a n t  f a r  t h e  welded module as 
t h e  p r e s e n t  material  was unduly heavy.  E & C S t y c a s t  # lo90  
(1010305) and C a t a l y s t  #11 (1010306) p e r  ND 1002036 were recom- 
mended i n  p l a c e  o f  t h e  c l e a r  e n c a p s u l a n t  i n  c u r r e n t  u se .  
TRIMPOTS - To e f f e c t  improved r e l i a b i l i t y  t h e  t r impats  were 
removed. The t r i m p o t  f u n c t i o n  s h o u l d  be r e p l a c e d  w i t h  f i x e d  re- 
sistors s e l e c t e d  a t  assembly to  g i v e  e q u a l  s l e w  rates i n  b o t h  
d i r e c t i o n s ,  o r  s h o u l d  b e  comple t e ly  e l i m i n a t e d .  I n i t i a l  tests o f  
b r e a d b o a r d  u n i t s  i n d i c a t e d  t h a t  t h e  l a t t e r  p a t h  gave s a t i s f a c t o r y  
o p e r a t i o n  w i t h  v e r y  much improved r e l i a b i l i t y .  
AMPLIFIER ASSEMBLY - I t  was recommended t h a t  l ong  r ange  con- 
s i d e r a t i o n  be g i v e n  t o  r e d e s i c ?  of the a m p l i f i e r  assembly i n t o  a  
more compact u n i t .  Dur ing the d e s i g n  s t u d y ,  a p o s s i b l e  new loca-  
t i o n  io r  t h e  welded module w i t h i n  the a m p l i f i e r  assembly was i n -  
ves  t i g a t e d .  
LAMP INTENSITY SWITCH - S h r i n k  s l e e v i n g  c u r r e n t l y  used f o r  
p r o t e c t i n g  the s w i t c h  c o n t a c t s  w a s  i n a d e q u a t e  as i t  was by neces-  
s i t y  too large f o x  the w i r e .  T h e r e f o r e ,  i t  was recommended t h a t  
t h e  s w i t c h  t e r m i n a l s  be p o t t e d  and the s h r i n k  s l e e v i n g  be used  f o r  
the wire o n l y .  
CABLE CLAMP - An a d d i t i o n a l  clamp was r e q u i r e d  f o r  t h e  h a r n e s s  
a l t hough ,  for temporary  p u r p o s e s ,  l a c i n g  t a p e  was used.  
RESOLVER WIRE SLEEVXNG - The s l e e v i n g  on P/N 1011471 w a s  t o o  
r i g i d  and impared the r e q u i r e d  f l e x i b i l i t y  o f  t h e  h a r n e s s ,  t h e r e -  
f o r e ,  n e c e s s i t a t i n g  a change. 
CLUTCHES - F o r  r e a s o n s  of r e d u c i n g  subsys tem complex i ty  and 
t h u s  i n c r e a s i n g  r e l i a b i i i t y  , it w a s  recommended t h a t  e n g i n e e r i n g  
c o n s i d e r a t i o n  b e  g i v e n  t o  combining the s l i p  and o v e r r u n n i n g  
c l u t c h  a s s e m b l i e s  i n t o  a single u n i t .  I t  was f u r t h e r  recommended 
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that s l i p  c l u t c h  t o r q u e  be 2,ncreased t o  overcome f i l m  s t i f f n e s s  
and t h e r e b y  e n s u r e  optimum windup a f  f i l m  on s p o o l s .  
CLUTCH ENGAGEMENT - I n v e s t i g a t i o n  was needed f o r  improving de- 
s i g n  o f  o v e r r u n n i n g  c l u t c h  e ~ g a g e m e n t .  A method was needed whereby 
p o s i t i v e  c l u t c h  engagement may b e  implemented. 
FILM DRIVE STOP - To p r e v e n t  i n a d v e r t e n t  wrong d i r e c t i o n  f i l m  
s l e w i n g ,  there was need f o r  a  f i l m  d r i v e  s t o p  i n  t h e  gearbox .  For  
example,  i f  most o f  the 50 f ee t  o f  f i l m  were on  one  s p o o l  o f  the 
f i l m  c a r t r i d g e  and i f  t h e  f i l m  was d r i v e n  i n  a d i r e c t i o n  t o  con- 
t i n u e  t a k e u p  on  t h i s  s p o o l ,  t h e  o t h e r  end might  be t o r n  o r  d i s con -  
n e c t e d  from the f e e d  spool.. 
SERVO MOTOR - There  was i n d i c a t i o n  tha t  a  s t o p  motor d r i v e  i n  
lieu o f  a  s e r v o  motor may s u b s t a n t i a l l y  r educe  subsys tem d e s i g n  
complex i ty  arrd i t  was t h e r e f o r e ,  r e c o m m t b r :  l ~ d  t h a t  a d e s i g n  s t u d y  
be i n s t i t u t e d  i n  t h i s  area. 
HANDWIIEEL - On the p r e s e n t  MDV ' s , t h e  hinndwheei t u r n s  o p p o s l  te  
t o  the d i r e c t i o n  t h a t  a p r o j e c t e d  image movehr. Frclm a  human f ac- 
t o r s   ita and point, this d i r e c t i o n  o f  the handwheel and image s h o u l d  
be the same. 
VIEW SCREEN RETICLE .- The ret icle  component d i d  n o t  impose a  
d e s i g n  problem b u t  w a s  c l a s s i f i e d  as a g e n e r a l  problem due t o  l a c k  
o f  re t icle  d e s i g n  r e q u i r e m e n t  d a t a  from MIT. 
The b e a r i n g  b l o c k s  and a d j u s t m e n t  screw a s s e m b l i e s  needed 
. z a r e f u l  r e d e s i g n  s t u d y  as +be b e a r i n g  b l o c k s  were i n a d e q u a t e l y  
a l i q n e d ,  r e s u l t i n g  i n  e x c e s s i v e  f r i c t i o n  on  t h e  a d j u s t i n g  screw 
and t h e  a d j u s t m e n t  screw d id  n o t  clear the manual d r i v e  knob a t  
t h e  extreme l e f t  end  o f  i t s  t r a v e l .  
1 t was recommended that r e d e s i g n  ~f t h e  v iew-screen s u p p o r t  
be c o n s i d e r e d ,  as t h e  l e a f  s p r i n g  assembly d i d  n o t  p r o v i d e  p o s i t i v e  
s u p p o r t .  
As p r e s e n t l y  d e s i g n e d ,  t h e  door assembly f i t  was n o t  adequa te  
s i n c e  i n t e r f e r e n c e  a t  t h e  c o r n e r s  was n o t e d .  Hence, a d imension21 
a n a l y s i s  Mas recommended w i t h  a p p r o p r i a t e  t i g h t e n i n g  o f  t o l e r a n c e s  
where r e q u i r e d .  
A l i g h t  b a f f l e  was needed for  t h e  door assembly to  a d e q u a t e l y  
p r e c l u d e  t h e  e x i t  o f  l i g h t  i n t o  t h e  s p a c e c r a f t .  I n t e r n a l  l i g h t  
b a f f l e s  were also r e q u i r e d  to  l i m i t  s t r a y  or  scatter  l i g h t  w i t h i n  
the MDV. 
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w A l i g h t w e i g h t  d u s t  cover  was needed f o r  c o n t a i n i n g  t h e  e n t i r e  
MDV. T h i s  cover ,  t o  encompass all ,  the u n i t  behind t h e  f r o n t  p a n e l ,  
would p r e v e n t  contamina t ion  of the i n t e r n a l  m i r r o r s  and o p t i c s  and 
would also s e r v e  a s  a l i g h t  stop. 
A g a s k e t  was r e q u i r e d  fo r  the MDV f r o n t  pane l  i n t e r f a c e  w i t h  
t h e  G&N C o n t r o l  Pane l .  
The b r a c k e t ,  and t h e  s u p p o r t  between t h e  b r a c k e t  and t h e  
h o l d i n g  s t r u c t u r e  f o r  the s m a l l  mirror, a l though n o t  c r i t i c a l ,  
would be r e v i s e d  t o  p rov ide  a more adequate  arrangement.  
Maximum stress area on the upper p a n e l  occur red  n e a r  the con- 
n e c t o r ,  a t  which p o i n t  two h o l e s  would be removed, and t h i s  p a r t i -  
c u l a r  a r e a  s t r e n g t h e n e d  by i n c r e a s i n g  t h e  s e c t i o n .  I n  a d d i t i o n ,  
i f  a d u s t  cover  was provided  for  t h e  MDV, t h i s  wou1.d add t o  t h e  
s t i f f n e s s  o f  t h e  f r o n t  pane l .  
I f  t h e  f i l m  was n o t  wound complete ly  on one s p o o l ,  t h e  f i l m  
would wind u n t i l  it t ~ u c h e d  t h e  case .  T h i s  r e s u l t e d  i n  i n c r e a s e d  
fP iin drag  and p o s s i b l e  f i l m  s c r a t c h i n g .  I t  was recommended t h a t  a 
dev ice  be i n c o r p o r a t e d  i n  t h e  c a r t r i d g e  to  p r e v e n t  unwinding when 
t h e  cartridge w a s  removed from the gearbox. 
I t  w a s  recommended that  the f i l m  wrap f u r t h e r  around t h e  
s p r o c k e t  so as to engage t w  t e e t h  r a t h e r  t h a n  t h e  p r e s e n t  one. 
A shipment  o f  100 p re -p roduc t ion  samples of  P r o j e c t i o n  Lamp 
(P/N 1011413) w a s  r e c e i v e d  a,: MIT i n  Jvne  1964. These lamps were 
c u r r e n t l y  undergoing e v a l u a t i o n  and appeared t o  s a t i s f y  r e q u i r e -  
ments o f  f i l a m e n t  l o c a t i o n ,  luminous o u t p u t  and color t empera tu res  
t o  a g r e a t e r  degree t h a n  had been ach ieved  i n  e a r l i e r  samples. 
S e v e r a l  o f  t h e s e  samples had been cons igned  t o  K I  by HIT, and 
would be d e l i v e r e d  w i t h  for thcoming AGE units . 
S i x  Condi t ion  L i g h t  A s s e m b l i e s  (1011375) u n i t s  were r e c e i v e d  
from Penn Keystone. The problem of r e v e r s a l  of  p i n  p o l a r i t y  en- 
coun te red  i n  e a r l i e r  units had  been e l i m i n a t e d .  Four teen  u n i t s ,  
which w e r e  on h o l d ,  were c u r r e n t l y  b e i n g  f a b r i c a t e d  f c r  TDRR 08480.  
A l l  o t h e r  problem areas j.ncluding magazine r e t e n t i o n ,  magazine 
l o a d i n g  and f i l m  t r a n s p o r t ,  opt ical  d e f i c i e n c i e s  and hous ingidoor  
i n t e r f e r e n c e s ,  had heen r e s o l v e d  by v i r t u r  o f  r edes ign .  The new 
manufactur ing releases and new drawings p r e s e n t e d  a p a r t i a l  p i c t u r e  
o f  the r e s u l t s  o f  t h e s e  d e s i g n  inwas t i g a t i o n s  . 
4 . 3 . 4 . 2  S t a t u s  o f  Equipment, Yap arrd Data V i e w e r  
The Map and Data V i e w e r s  AGE'S 1, 2 and 4 were completed and 
accep ted  by NASA. 
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The f i r s t  Map and Data V i e w e r ,  AGE 1, was s u b j e c t e d  t o  a  pre-* 
l i m i n a r y  v i b r a t i o n  t es t  . 
4.3.5 I n t e r n a l  Enqineerin- 
The AOT e f f o r t ,  a t  i n i s  t i m e ,  was a l s o  beg inn ing  t o  move f o r -  
ward w i t h  a  r a p i d l y  i n c r e a s i n g  work-load.  
O p e r a t i o n s  were i n i t i a t e d  f o r  r e q u i s i t i o n i n g  raw g l a s s  f o r  t h e  
LM AOT b readboa rd  model. A d d i t i o n a l  e f f o r t  i n  t h i s  r e g a r d  was 
underway f o r  f i n a l i z i n g  t o o l i n g  r e q u i r e m e n t s .  P r e l i m i n a r y  "make ow 
buy" m e e t i n g s  were h e l d  f o r  t h e  pu rpose  o f  d e t e r m i n i n g  t h e  f e a s i -  
b i l i t y  o f  f a b r i c a t i n g  a l l  or p a r t  o f  t h e  AOT beryllium components 
a t  the Kollsman f a c i l i t y .  A LM AOT f a m i l y  tree was p r e p a r e d  t o  
f a c i l i t a t e  t h i s  e f f o r t .  
A LM GSE Development P l a n  w a s  b e i n g  fo rmula t ed .  N o  work a t  
t h i s  t i m e  w a s  s t a r t e d  on t h e  LM GSE S h i p p i n g  C o n t a i n e r s  TD due t o  
the l a c k  o f  n e c e s s a r y  i n f o r m a t i o n .  A s t u d y  d e s i g n  1a.yout was pre- 
pared  f o r  t h e  Te l e scope  Alignment  F i x t u r e .  
4 . 3 . 5 . 1  Drawing S t a t u s  
Three  design review mee t ings  were h e l d  and f u l l  t i m e  d e  Aqn 
check inq  o f  d e t a i l  drawings  was unde r t aken  d u r i n g  t h e  p e r i o d .  
The p r o j e c t  management e f f o r t  i n c l u d e d  e x t e n d  jn :L s t a f f i n g  
Isr t h e  LM AOT program. 
Documentat ion e f f o r t  was concerned  w i t h  p r e p a r a t i o n  o f  a  fam- 
i l i a r i z a t i o r x  manual f o r  t.he AOT and a clevelopmcnt p l a n  f o r  t h e  
o v e r a l l  program. 
4.3.6 I n t e r n a l  E n g i n e e r i n g  - FTE/GSE 
The s u p p a r t  e f f o r t  r e n d e r e d  by i n t e r n a l  e n g i n e e r i n g  t o  t h e  de- 
s i g n  and  f a b r i c a t i o n  o f  FTE, d ~ r i n g  t h i s  period, was o f  phenomenal 
n o t e .  Not o n l y  were t h e r e  p r e s s i n g  in -house  problems t o  s o l v e  i n  
t h i s  a r e a ,  b u t  equipment. s c h e d u l e d  f o r  d e l i v e r y  t o  AC, Milwaukee 
had to  be a c c e l e r a t e d  f o r  t h e i r  test u s e s .  
I n  t h i r  area, e n g i n e e r i n g  n o t  o n l y  succeeded  i n  m a i n t a i n i n q  
p r o d a c t i o n ,  u s i n g  i n t e r i m  jury r i g s  where  r e y u i r e d ,  bu; they  
s i m u l t a n e o u s l y  performed t h e  debugging on  t h e s e  coniple t e d  i terns, 
c o o r d i n a t i n g  changes  w i t h  in -house  documents and  s p e c s .  A 1 1  c ' 
t h i s  was a c h i e v e d  w i t h  minimal  impac t  t o  manufac tu r ing .  
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T h e r e  were c o u n t l e s s  discrete problems t h a t  were s o l v e d  r e l a -  
t i v e  t o  each  of  t h e  many and complex pieces o f  equipment. Again, 
t h e  knowledge and perseverance  o f  t h i s  group s e r v e d  t o  main ta in  
the program momentum t h a t  they i n i t i a l l y  he lped  t o  g e t  s t a r t e d  
t h r e e  y e a r s  b e f o r e .  
4 . 4  E N G I N E Z R I N G  - PERIOD ENDING 31 DECEMBER 1965 
4 . 4 . 1  E x t e r n a l  Engineer inq  
The requi rement  f o r  des ign  e f f o r t  TD K-133, Block 11 ~ e s i d e n t  
E f f o r t  a t  MIT/IL on t h e  CWLM o p t i c a l  systems was completed a s  of  
28  October  1965. The d5s ign  and d r a f t i n g  team r e t u r n e d  t o  Kollsman 
w h i l e  t h e  r e s i d e n t  group  engaged i n  CM/LM l i a i s o n ,  e l e c t r o n i c  and 
s y s  t e m s  e n g i n e e r i n g  problems p e r t a i n i n g  t o  t h e  guidance and navi-  
g a t i o n  sys tems f o r  t h e  CM and LM. The Kollsman Res ident  Group a l s o  
worked on d e s i g n  o f  t h e  environmental  t es t  f i x t u r e s  f o r  t h e  LM t o  
be used  t y  MIT/IL a t  Cambridge. 
4 . 4 . 1 . 1  Command Module Engineer ing : 
F i n a l i z a t i o n  of  Block I1 Res iden t  E f f o r t  was accomplished a s  
f o l l o w s  : 
(1) The r e d e s i g n  o f  SXT reticle assembly w a s  completed i n  
d e t a i l  and i n c o r p o r a t e d  i n t o  t h e  OUA by meann o f  T D R R ' s  
for b o t h  t h e  Block 1-100 and Block 11 series. 
( 2 )  The d e s i g n  o f  a  l i g h t  s h i e l d  assembly for  t h e  o u t e r  cover  
of the SCT, t o  minimize s t r a y  l i g h t  w i t h i n  the SCT o p t i c s ,  
w a s  completed i n  de ta i l .  T h i s  d e s i g n  was checked by 
Res iden t  E f f o r t  b e f o r e  s u b m i t t a l  t o  the DRB st Kollsman 
for i n c l u s i o n  i n  Block 1-100 and Block I1 OUA systems.  
( 3 )  A l i g h t  s h i e l d  f o r  the Star  Tracker  assembly was designed 
and d e t a i l e d  t o  e l imhate  l i g h t  l e a k s  around t h e  re- 
d u c t i o n  mirrors and Tuning Fork housing.  Th i s  l i g b  
s h i e l d  was i n c o r p o r a t e d  i n t o  the OUA by means of ' L , < R ' s .  
( 4 )  Res iden t  e f f o r t  a t  MIT/IL des igned  and b u i l t  the f i x t u r e  
f o r  mounting a Block I1 Star Tracker  u n i t  o n t o  a Wild T-3 
t h e o d o l i t e .  The f i x t u r e  w a s  assembled, checked and pre-  
pa red  for p h o t o m t l l t i p l i e r  tube s t u d i e s .  
( 5 )  The o u t l i n e  drawings were completed on e y e p i e c e s  f o r  
Block 1-100 and Block XI for  t h e  stowage compartment de- 
s i g n  i n  the space  v e h i c l e  manufactured by North American 
A i r c r a f t  C o .  
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Genera l  t e s t  equipment was d e s i g n e d  f o r  use  by MI?'/IL 
i n  bo th  env i  ronmental  and component t e s t i n g  . 
Design s t u d i e s  were c o n t i n u e d  on r epackag ing  o f  t h e  S t a r  
Tracker-Horizon Photometer  h i g h  v o l t a g e  (IIV) power 
s u p p l y  t o  i n c o r p o r a t e  improved q u a l i t y  f i l t e r  condensers .  
A s u n - p r o t e c t i v e  d e v i c e  f o r  t h e  phn to tube  was d e s i g n e d  
f o r  i n c o r p o r a t i o n  i n t o  t h e  S t a r  Tracker Assembly. T h e  
d e s i g n  was based  on a  commercia l ly  a v a i l - a b l e  r o t a r y  
s ~ l e n o i d .  The s i z e  o f  t h e  u n i t  w a s  w e l l  s u i t e d  t o  t h e  
d e s i g n .  I n c o r p o r a t i o n  of t h i s  s u n - p r o t e c t i v e  d e v i c e  
i n t o  t h e  t r a c k i n g  sys tem r e q u i r e d  s t u d y  by MIT/ IL  and 
Kollsman r e s i d e n t  e n g i n e e r s  t o  d e t e r m i n e  t h e  best  means 
o f  o b t a i n i n g  t h e  o p e r a t i o n  s i g n a l  f o r  t h e  s u n - p r o t e c t i v e  
d e v i c e .  
Design o f  t h e  new SXT e y e p i e c e ,  i n c l u d i n g  h e a t e r  and 
q u i c k  d i s c o n n e c t  f e a t u r e s  was completed .  I n c l u d e d  i n  
t h e  d e s i g n  i s  th .e  normal e y e  r e l i e f  e y e p i e c e  w i t h  a  new 
m i r r o r  hous ing  i n c o r p o r a t i n g  a  h e a t e r ,  t h e r m o s t a t  and 
t h e r m a l  i n s u l a t i o n  b l a n k e t .  The mirror hous ing  a l s o  i n -  
c o r p o r a t e d  t h e  q u i c k - d i s c o n n e c t  f e a t u r e .  
Both  normal  and LER e y e p i e c e s  were r e t a i n e d  f o r  t h e  SCT. 
The new c a s t i n g  for t h e s e  SCT e y e p i e c e s  w a s  r e q u i r e d  t o  
i n c o r p o r a t e  t h e  thermos t a t  h e a t e r  and  the rma l  i n s u l a t i o n  
b l a n k e t .  
An a l t e r n a t e  d e s i g n  f o r  t h e  SCT e y e p i e c e  p r o v i d i n g  ap- 
p r o x i m a t e l y  + 4  d i o p t e r s  f o c u s i n g  r ange  w a s  completed ,  
detai led and checked. 
The p r i sm hous ing  f o r  t h e  SCT ey , ?p i ece  w a s  r edeszgned  t o  
i n c o r p o r a t e  t h e  q u i c k - d i s c o n n e c t  f e a t u r e .  The SCT pr i sm 
hous inq  a lso  i n c l u d e d  a t h e r m a l  i n s u l a t i o n  b l a n k e t .  
The i n - f l i g h t  c l e a n i n g  k i t  w a s  r e s o l v e d  by i n c l u s i o n  of 
books o f  p l a i n  and s i l i c o n e  treated, l e n s - c l e a n i n g  t is- 
s u e s  and  one c o t t o n  h a n d k e r c h i e f .  These i t e m s  are 
r e a d i l y  a v a i l a b l e  and are cove red  under  FED S p e c i f i c a -  
t i o n s ,  t h e r e f o r e ,  no SCD drawing r e l e a s e  w a s  r e q u i r e d .  
The o n l y  i t e m  which i s  not d e f i n i t e l y  s p e c i f i e d  i s  t h e  
c o n t a i n e r  o r  pouch f o r  the c lea r ' ing  k i t  e l emen t s .  A 
c o m m e r c i a l l y - a v a i l a b l e  p o l y e t h y l e n e  enve lope  w i t h  a 
molded-in p l a s t i c  z i p p e r  was under  e v a l u a t i o n .  
The T r a c k e r  KVPS was m o d i f i e d  t o  e l i m i n a t e  conponen t 
problems a s s o c i a t e d  w i t h  t h e  S t a r  P r e s e n c e  I n d i c a t o r  
c i r c u i t r y .  
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'W 4.4.2 LM Ex te rna l  Engineerins  
A des ign  s tudy  was completed to inco rpo ra t e  t h e  new eyepiece 
i n t o  t he  Alignment Opt ica l  Telescope (AOT) conf igura t ion .  
A change w a s  genera ted  to  r e p l a c e  t h e  t a f l o n  packing used i n  
the AOT r o t a t i n g  knob a h a f t  wi th  an  "0" r i n g  seal. 
The des ign  o f  t h e  new reticle element ,  which incorpora ted  an 
a s p h e r i c  s u r f  ace ,  presented  a requirement f o r  redes ign  o f  t h e  
reticle assembly, i ts  mounting and adjustment.  
Rework o f  a t  l e a a t  one major component w a s  r equ i r ed  t o  adapt  
the now eyep iece  to t h e  AOT. 
Continued suppor t  t o  Manufacturing was provided for purposes 
o f  developing improved manufacturing assembly alignment,  and test  
procedures  to  f a c i l 3  ta te  d e l i v e r y  o f  t h e  AOT breadboard,  pre-pro- 
duc t ion  and product ion models. A s  a r e s u l t  s f  such e f f o r t s ,  two 
AOT breadboards w e r e  de l i ve red  and one product ion model w a s  as- 
sembled and tested. Q u a l i f i c a t i o n  t e s t i n g  of the AOT Shipping 
Conta iner  w a s  completed and d e l i v e r y  of  t h e  f i rs t  prc,duci-ion con- 
t a i n e r  w a s  accomplished, 
Procurement o f  a l l  p a r t s  and assemblies necessary  to f a b r i c a t e  
Y and s h i p  the AOT Learner  Model, Thermal Breadboard, Mechanical 
Breadboard and T r a i n e r  Simulator  w a s  completed. However, it was 
necessa ry  to  s h i p  t h e  first t h r e e  u n i t @  less the S t r a i n  I s o l a t i o n  
P re s su re  Seal ( P N  6011896) because of trendor d i f f i c u l t i e s  i n  f a b r i -  
c a t i n g  t h i s  p a r t .  
P i x t u r i z a t i o n  w a s  designed for thermal-vacuum and v i b r a t i o n  
acceptance  t e s t i n g  o f  the AOT and f a b r f  c a t i o n  w a s  completed. Fix- 
t u r e s  f o r  AOT leakage  tests were also completed, 
S e v e r a l  des ign  recommendations on t h e  reticle drawing and t h e  
drawing of t h e  rubber  i n t e r f a c e  seal between t h e  AOT and t h e  LM 
s p a c e c r a f t  w e r e  forwarded to  MIT/IL, The rubber seal w a s  under- 
going f u r t h e r  e v a l u a t i o n  and some changes ware a n t i c i p a t e d .  
~ u n c t i o n a l  eva lua t ion  of the AOT breadboard o p t i c s  was con- 
t inued .  Seven a sphe r i c s  were f a b r i c a t e d  i n  the course  of develop- 
ment of methods for producing the AOT a s p h e r i c  l ens .  
Analytical des ign  e f f o r t s  concerned wi th  developing wooden 
rno&,ups of t h e  AOT were completed. Ana ly t i ca l  work was moving 
toward mockup des ign  s imula t ing  the body geometry, weight and c.g. 
A F a b r i c a t i o n  and T e s t  s p e c i f i c a t i o n  w a s  prepared f ~ r  th is ,  type of  
mockup. 
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The I n t e r n a l  Engineer ing  Staff  assisted t h e  Documentation 
S t a f f  w i t h  development o f  assembly and tes t  procedures  f o r  t h e  AOT. 
O t h e r  work i n  t h i s  a r e a  i n c l u d e d  development of assembly test  and 
flow c h a r t s .  
LM e n g i n e e r i n g  provided  s u p p o r t  t o  t h e  f a b r i c a t i o n  and tes t  
of t h e  Lea rne r  Model AOT. S e v e r a l  p o t e n t i a l  d e s i g n  problem a r e a s  
were n o t e d  and d i s c u s s e d  w i t h  MIT/IL. During t e s t i n g  o f  t h e  Ob- j e c t i v e  Assembly (P/H 6011809). the c e n t r a t i o n  and a x i a l  a l ignment  
c o n t r o l  af t h e  f i r s t  two l e n s e s  were n o t  a d e q u a t e l y  c o n t r o l l e d .  
Subsequent  meet ings  w i t h  MIT/IL r e s u l t e d  i n  an agreement t o  
r e d e s i g n  t h i s  p o r t i o n  o f  t h e  assembly and t h e  e f f o r t  was i n  pro- 
g r e s s .  Kollsman recommended r e t r o f i t  of t h e  r edes igned  l e n s  ce l l  
i n t o  t h e  Thermal and Mechanical b readboards  and MIT/IL cons ide red  
t h i s  a c t i o n .  S e v e r a l  a l t e r n a t i v e  p rocedures  and tests for  c a l i -  
b r a t i n g  t h e  AOT power under o p e r a t i o n a l  vacuum c o n d i t i o n s  were de- 
veloped.  These tests and p rocedures  were submitted t o  MIT/IL f o r  
c o n s i d e r a t i o n .  
Change C o n t r o l  recorded complet ion o f  seven  o u t s t a n d i n g  TDRR 
a c t i o n s  i n  May and s i x  i n  June. (See Table 4-7 . )  
T a b l e  4-7 
F I N U I  ZED TDRR ACTIONS 




K-5029 . 119042 
K-5334 19849 
Summary of Changes 
M o d i f i c a t i o n  for a d d i t i o n  o f  a d a p t e r .  
To correct d r a f t i n g  error. 
To i n c r e a s e  t o l e r a n c e s .  
To correct d r a f t i n g  error. 
To a s s u r e  mechanical  compliance and 
r e l i a b i l i t y .  
To correct d r a f t i n g  'error. 
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Design s t u d i e s  were c o n t i n u e d  on f i x t u r i z a t i o n  t o  t e s t  AOT 
l e a k a g e .  A f i x t u r e  des lgned  t o  test t h e  o v e r a l l  i n s t r u m e n t  l e a k a g e  
was r e l e a s e d  t o  m,nufacture. A f i x t u r e  f o r  i s o l a t i n g  and t e s t i n g  
each  l e a k a g e  s o u r c e  was developed.  F i v e  l e a k a g e  s o u r c e s  inc l .uded:  
t h e  r u b b e r  s e a l ,  pack ing  a t  t h e  e y e p i e c e  and upper  s e c t i o n  i n t e r -  
f a c e ,  t h e  g a s  e j e c t i o n  v a l v e ,  t h e  p o s i t i o n i n g  mechanism s e a l  and 
d e f e c t s  ( p e r f o r a t i o n s )  i n  t h e  v a r i o u s  mechanica l  components. 
LM E n g i n e e r i n g  ex t ended  s u p p o r t  t o  Space D i v i s i o n  Manufactur ing.  
The o b j e c t i v e  w a s  t o  deve lop  and r e f i n e  AOT assembly ,  a l i gnmen t  and 
t es t  t e c h n i q u e s .  As a r e s u l t  o f  t h e s e  e f f o r t s ,  s i x  A O T ' s  were 
sh ipped .  One u n i t  ( S i m u l a t o r  I )  m e t  a l l  Procurement  S p e c i f i c a t i o n  
r e q u i r e m e n t s ,  w i t h  t h e  e x c e p t i o n  o f  e x c e s s i v e  b i a s  error s h i f t  i n  
the Lead p r i s m  d u r i n g  exposu re  to  a c c e p t a n c e  l e v e l  v i o l a t i o n .  T h i s  
was eval:.ated by Kollsman and MIT/IL,  and r e s o l v e d  by s e c u r i n g  t h e  
p r i s m  w i t h  epoxy ,  e f f e c t i v e  AOT 601. 
A w r i t t e n  fo rmal  r e q u e s t  w a s  s u b m i t t e d  t o  MIT/IL recommending 
t h a t  t h e  TDRR P r o p o s a l  K-2092 (CRN MK-267) modi fy ing  t h e  LEM Pro- 
curement  S p e c i f i c a t i o n  6011000 be c a n c e l l e d  and r e p l a c e d  w i t h  new 
TDRR P r o p o s a l  K-5069. 
I t  s h o u l d  be n o t e d  t h a t  b o t h  TDRR P r o p o s a l s  s i m i l a r l y  d e s c r i b e d  
changes  to  PS 6011000 f o r  t h e  per formance  o f  s p e c i f i c  f u n c t i o n a l  
t e s t s  on the AOT under  s p a c e  vacuum c o n d i t i o n s  p e r  MIT/IL d e s i g n  
w r e q u i r e m e n t .  Wi th in  t h e  new TDRR P r o p o s a l ,  however,  t h e  changes i n  
f u n c t i o n a l  t e s t i n g  under  vacuum envi ronment  were based  upon a t e s t  
a d a p t e r  to p r e s e n t  FTE and GSE c o n f i g u r a t i o n s .  T h i s  a d a p t e r ,  w i t h  
a s s o c i a t e d  vacuum pump, vacuum g a u g e ,  e tc . ,  w a s  e a s i e r  and more 
economical  t o  f a b r i c a t e  and u s e  t h a n  t h e  more e l a b o r a t e  and c o s t l i e r  
r e2 l acemen t  vacuum tes t  f i x t u r e  p r e v i o u s l y  p l anned .  
T h i s  tes t  a d a p t e r  consists of a windowed hemisp \e re  which was 
p l a c e d  o v e r  t h e  head  p r i sm s e c t i o n  of t h e  AOT i n s t r u m e n t  so t h a t  
i t  then  sealed t h e  head  p r i sm from ambien t  p r e s s u r e  c o n d i t i o n s .  
Because t h e  s p a c i n g  b e  tween t h e  t e l e s c o p e  hood and pr i sm mount 
forms a l a b y r i n t h  s e a l  and  because  t h e  i n s t r u m e n t  i s  s e a l e d  a t  i t s  
lower  i n t e r n a l  e n d ,  e v a c u a t i o n  may be r e a d i l y  accompl ished by t h i s  
method. Vacuum mea.surements would be accompl i shed  th rough  t h e  
"pu rge  v a l v e " .  Vacuum c o n d i t i o n s  w i t h i n  t h e  t e l e s c o p e  ( s p a c e  s ide)  
w i l l  be  1 x  1o02mm Hg. or  less which is  a n  a d e q u a t e  vacuum f o r  
s i m u l a t i n g  space c o n d i t i o n s  w i t h  r e g a r d  t o  e x p e c t e d  change i n  i n d e x  
of r e f r a c t i o n .  The hemisphere  h a s  t w o  p lano-p lano  windows s t r a t e -  
g i c a l l y  p l a c e d  so that  t a r g e t  coldrmators used  on FTE and GSE may 
be u t i l i z e d .  The hemisphere  can also b e  rotated on  an  a x i s  p a r a l l e l  
t o  t h e  i n s t r u m e n t  s h a f t  a x i s  so t h a t  r e f r a c t i o n  errors due t o  p r i sm 
window a l ~ g n m e n t  may be nega t ed .  
The new TDRR proposed K5069 w a s  i n c o r p o r a t e d  as p a r t  o f  
Kollsman ' s r e v i s e d  E n g i n e e r i n g  Rev i s ion  P l a n  (ERP K76R1) , i\nd 
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submi f t cd  t o  AC E l e c t r o n i c s  f o r  a p p r o v a l .  The proposed p r o d u c t i o n  
c f f c c t i v i t y  would be i n c o r p o r a t e d  on t h e  f i r s t  AOT and GSI: u n i t s ,  
t h r c t l  and one-ha l f  months a f t e r  r e c e i p t  of a u t h o r i z a t i o n  t o  " qo- 
ahc .~d" .  A l l  p r o d u c t i o n  AOT u n i t s  d e l i v e r e d  as a i r - f o c u s c d  u n i t s  
were recommended f o r  r e t r o f i t  a t  KI. 
Othe r  accompl ishments  i n c l u d e d  improvement o f  AOT power match 
t e s t  t e c h n i q u e s  b o t h  at. t h e  o b j e c t i v e  assembly l e v e l  and a t  t h e  
end- i  tern l e v e l .  A l s o ,  v i b r a t i o n ,  l e a k  t e s t  and t.herma1-vacuum test 
p r o c e d u r e s  on t h e  AOT a t  assembly and end- i tem l e v e l s  were s u c c e s s -  
f u l l y  deve loped .  A l l  o f  t h e s e  tests were performed on t h e  AOT 
S i m u l a t o r  N o .  1 w i t h o u t  d i f f i c u l t y .  
KPS 11K 5011829 and KPS 1 1 K  6011807 were u t i l i z e d  f o r  p re l im-  
i n a r y  tes t  Jn t h e  Mechanical  P o s i t i o n i n g  Assembly, and M i r r o r  
Housing and  Window Assembly, r e s p e c t i v e l y .  Both test  p r o c e d u r e s ,  
a l t h o u g h  r e q u i r i n g  minor m o d i f i c a t i o n s  such  as ad  justmen t o f  t o r q u e  
v a l u e s  and a d d i t i o n  o f  he l ium c o n c e n t r a t i o n  t o  t es t  d a t a  s h e e t s ,  
proved a d e q u a t e .  Both assemblies e x h i b i t e d  l e a k  rates which were 
w e l l  w i t h i n  t h e  l i m i t s  s p e c i f i e d  by t h e i r  r e s p e c t i v e  p rocedures .  
The  test o f  t h e  M i r r o r  Housing and Window Assembly, PN 6011807 un- 
cove red  t h e  need f o r  a t o r q u e  r e q u i r e m e n t  f o r  t i g h t e n i n g  o f  t h e  
Locking Ring,  PN 6011030. 
The Mechanical  P o s i t i o n i n g  Assembly w a s  a lso  t e s t e d  a g a i n s t  a 
15 -ps i  p r e s s u r e  d i f f e r e n t i a l  and s t i l l  e x h i b i t e d  a l e a k  rate which 
was w e l l  under  t h e  l i m i t  imposed by KPS 1 1 K  6011829. I n  a d d i t i o n ,  
a test f i x t u r e  w a s  improvised  f o r  dynamic l e a k  t e s t i n g  o f  t h e  Mech- 
a n i c a l  P o s i t i o n i n g  Assembly, P N  6011829 d u r i n g  r o t a t i o n  o f  t h e  
p o s i  t i o n i n g  knob, During t h i s  test  , t h e  Mechanical  P o s i t i o n i n g  
Assembly, PN 6011829, s t i l l  e x h i b i t e d  a l e a k  rate which w a s  below 
the l i m i t  a l l o w e d  by KPS 1 1 K  6011829. 
4.4.2.1 Problem Areas 
(1) S t r a i n  I s o l a t i o n  P r e s s u r e  S e a l ,  PN 6011096 
LEM P r o j e c t  Eng inee r inq  ~erformed l e a k  test!? on  an 
e n g i n e e r i n g  sample of t h e  p r e s s u r e  seal NASA PN 6011996. 
The pu rpose  o f  the tests was t o  o b t a i n  d e f i n i t i o n  o f  an 
a c c e p t a b l e  p rocedure  f o r  t e s t i n g  compl i a r~ce  w i t h  the 
maximum l e a k  rate r e q u i r e d  by N a t s  6 B  o f  NASA PN 
6011096. E a r l y  r e s u l t s  were o b s c u r e d  by r a p i d ,  h igh-  
l e v e l  pe rmea t ion  o f  h e l i u n  th rough  t h e  l a r g e  area 
s i l i c o n 2  r u b b e r  s u r f a c e  o f  t h e  seal.. F u r t h e r  e x p e r i -  
ments  i n d i c a t e d  t h a t  a p r o c e d u r e  which a l l owed  p u l s i n g  
he l ium i n t o  a b a c k f i l l  chamber d e l a y e d  the o n s e t  o f  
he l ium permea t ion  f o r  a s u f f i c i e n t  t i m e  to  allow d i s -  
c r i m i n a t i o n  between a c t u a l  leakage and he l ium 
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p e r m e a t i o n .  D e l i v e r y  o f  C l a s s  A p r e s s u r e  seals w e r e  
t e s t e d  f o r  c o m p l i a n c e  i n  a c c o r d a n c e  w i t h  t h e  a c c e p t a n c e  
a n d  q u a l i f i c a t i o n  r e q u i r e m e n t s  (Notes 6B. 7 and  8)  o f  
NASA PN 6011096. 
( a )  Leak a n d  D e f l e c t i o n  T e s t s  - Each o f  t h e  p r e s s u r e  
seals w a s  s u b j e c t e d  to  l e a k  test and d e f l e c t i o n  
tes t  i n  a c c o r d a n c e  t o  Note 6B, PN 6011096. A l l  
seals were found  to  e x h i b i t  l e a k  rates  w e l l  be low 
3 x 10-5 l b .  ( 0 2 ) / h r .  d e f i n e d  by  t h e  d rawing  l e a k  
r e q u i r e m e n t .  I n  a d d i t i o n ,  a l l  seals t e s t e d  f o r  
d i m e t r a l  d e f l e c t i o n  e x h i b i t e d  d e f l e c t i o n s  o f  less 
t h a n  1 / 2  i n c h .  T h i s  was below t h e  9/16 i n c h  a l -  
lowed by Note 6B and remained  u n i f o r m  w i t h i n  t h e  
1/16 i n c h  r e q u i r e m e n t .  
( b )  Thermal  Leak T e s t  - The seal (SN 8)  was s e l e c t e d  
f o r  l e a k  t e s t i n g  over t h e  -4S°F t o  160°F  r a n g e  as 
s p e c i f i e d  by Note 7 ,  NASA PN 6011096. The seal  
e x h i b i t e d  a l e a k  rate w e l l  be low 3 x 10-5 l b .  
( 0 2 ) / h r .  a l l o w e d  b y  t h e  d r a w i n g .  
(c)  R u p t u r e  T e s t  - The same seal  (SN 8)  was tested i n  
a c c o r d a n c e  w i t h  Note 7 o f  NASA PN 6011096 to  ob- 
t a i n  t h e  d i a m e t r a l  d e f l e c t i o n  v e r s u s  t h e  p r e s s u r e  
d i f f e r e n t i a l  c u r v e .  The sea! r u p t u r e d  a t  a p r e s -  
s u r e  d i f f e r e n t i a l  o f  60 p s i ,  which  w a s  w e l l  above  
t h e  30 p s i  f a i l u r e  p o i n t  s p e c i f i e d  by t h e  d r a w i n g  
r e q  u i  remen t . 
V i b r a t i o n  T e s t  - One seal  (SN 4 )  was s e l e c t e d  f o r  
t e s t i n g  i n  a c c o r d a n c e  w i t h  t h e  v i b r a t i o n  l e a k  tes t  
r e q u i r e d  by Note 8 o f  NASA PN 6011096. The vibra- 
t i o n  i n p u t  w a s  a f l / 8 - i n c h  d i s p l a c e m e n t  f o r  
1 x 1 0 6  c y c l e s  a t  a v i b r a t i o n  f r e q u e n c y  o f  25 c p s .  
Leak rates were measured  a f ter  3 x 1 0 3 ,  2 .5  x 1 0 5 ,  
5  x  1 0 5 ,  7.5 x 1 0 5  and 1 x 106 c y c l e o .  The maxi- 
mum l e a k  ra te  r e c o r d e d  w a s  w e l l  b e l c w  t h e  l e a k  
ra te  o f  3 x 10-5 l b .  ( 0 2 ) / h r .  a l l o w e d  by  Note 8. 
C a n c l u s i o n  - Based upon t h e  above  test  r e s u l t s ,  i t  
w a s  c o n c l u d e d  t h a t  a l l  seals t e s t e d  were f o u n d  t o  
b e  i n  C l a s s  " A "  c o m p l i a n c e  w i t h  t h e  d rawing  re- 
q x i r e m e n t s .  
( 2 )  A d d i t i o n  o f  new T h e n n o s t a t  S w i t c h  t o  AOT E y e p i e c e  
Heater Des ign  Change. 
(a )  The a d d i t i o n  o f  a n?w t h e r m o s t a t ,  PN 1012548,  to  
t h e  p r e s e n t  AO:, c o n f i g u r a t i o n  6011000-000 by MIT/IL 
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r e v i s e d  t h e  o r i g i n a l  Change Reques t  MK 2 6 2  t o  MK 
281 and  MK 262B. MK 262 i n c l u d e d  a d d i t i o n  o f  
h e a t e r  and  i n s u l a t o r s  t o  t h e  AOT E y e p i e c e .  The 
a d d i t i o n  o f  a the rmos  t a t  r e q u i r e d  r e m a c h i n i n g  s f  
t h e  e x i s t i n g  *Housing ,  PN 6011106" ,  f o r  p r o p e r  
i n s  t a l l a t i o n .  The r e q u i r e m e n t  t o  rework "Hous ing ,  
PN 6011106" ,  to accommodate t h e  t h e r m o s t a t  re- 
s u l t s  i n  a p a r t  n o n - i n t e r c h a n g e a b l e  f e a t u r e  and  
t h u s  changed t h e  o r i g i n a l  c o n f i g u r a t i o n  t o  
6011000-011. I t  s h o u l d  be n o t e d  t h a t  new assembly  
d r a w i n g s  h a d  b e e n  created as a r e s u l t  o f  t h e  re- 
v i s e d  change  r e q u e s t .  
(b) A d e s i g n  r e v i e w  w a s  c o n d u c t e d  a t  K I  t o  e v a l u a t e  
a l l  d rawing  a f f e c t e d  by  t h e  MK 262A a n d  MK 281. 
S e v e r a l  comments a n d  recommendat ions  which r e l a t e d  
to  t h e  t h e r m o s t a t ,  h e a t e r ,  a n d  p o t t i n g  materials  
were made by t h e  Des ign  Review Board.  A l l  com- 
m e n t s  and  s u g g e s t i o n s  w e r e  s u b m i t t e d  t o  MIT/IL f o r  
e v a l u a t i o n  and  i m p l e m e n t a t - i o n  o f  change  t o  t h e  
d r a w i n g s .  
( 3 )  P r i s m ,  PN 6011427 - I n t e r f e r e n c e  be tween  t h e  p r i s m  
a n d  t h e  P r i s m  Mount, PN 6011017,  w a s  detected a t  
a s s e m b l y ,  a n d  v e r i f i e d  by d i m e n s i o n a l  a n a l y s i s .  The 
c h a m f e r  o n  t h e  p r i s m  e d g e  w a s  i n c r e a s e d  t o  e l i m i -  
n a t e  t h i s  problem.  S i m u l t a n e o u s l y ,  t h e  Luxorb was re- 
p l a c e d  by  3M c o a t i n g  a n d  clear areas were l o c a t e d  on  
t h e  p r i s m  b a s e ,  t o  p e r m i t  s e a l i n g  o f  t h e  p r i s m  
d i r e c t l y  on  the t h r e e  f l a t  pads o n  t h e  P r i s m  Mount, 
PN 6011017. These  c h a n g e s  were t e l e c o n - a p p r o v e d  
b y  MIT/IL p r i o r  t o  t h e  rework  o f  t h e  p s r c s .  
( 4 )  Hous ing  a n d  S p r i n g  P o s i t i o n i n g  Mechanism Assembly 
PN 6011823 - The i n a b i l i t y  t o  h o l d  t h e  O.D. o f  th!! 
PN 6011822 t o  -7615 maximum a f t e r  s p o t w e l d i n g  t h e  
PN 6011026 t o  PN 6011027 c a u s e d  i n t e r f e r e n c e  a t  
the PN 6011823 l e v e l .  An e n g i n e e r i n g  proposal 
h a s  b e e n  s u b m i t t e d  t o  MIT/IL t o  allow m a c h i n i n g  
o f  PN 6011822 t o  a 1 .750 O.D. a f t e r  s p o t w e l d i n g .  
( 5 )  Lens S p a c e r s ,  PN 6011000 - Based o n  t h e  v e r t e x -  
t o - v e r t e x  l e n s  s e p a r a t i o n s  r e q u i r e d  by t h e  o p t i c a l  
d e s i g n  o f  t h e  AOT, a d i m e n s i o n a l  a n a l y s i s  w a s  
p e r f o r m e d  on  t h e  s e v e n  l e n s  spacers u s e d  i n  t h e  
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AOT o p t i c a l  s y s t e m .  The a n a l y s i s  i n d i c a t e d  t h a t  
a l l  s p a c e r  d i m e n s i o n s  were a d e q u a t e  e x c e p t  t h e  
PN 6011013 which was almost 0 .20  o v e r s i z e .  The 
w i d t h  o f  t h i s  s p a c e r  was r e d u c e d  from 0.620 5 
.005  t o  0.600 k .001.  T h i s  c h a n g e  was t e l e c o n -  
a p p r o v e d  by MIT/IL.  
( 6 )  C o u n t e r  Window, PN 6011122 - The c o u n t e r  window 
i n t e r f e r e d  w i t h  tha s h a d e  o f  t h e  c o u n t e r  d u r i n g  
a s s e m b l y .  C o n s e q u e n t l y  , an  addi t i o n a l  s l o t  was 
added  t o  t h e  window to  correct t h e  above  i n t e r -  
f e r e n c e .  A t e l e c o n - a p p r o v a l  was r e c e i v e d  from 
MIT/IL t o  implement  t h i s  change .  
( 7 )  The re t ic le  c o n t r o l  knob o n  t h e  L e a r n e r  Model 
AOT a p p e a r e d  t o  be e x c e p t i o n a l l y  f r e e  i n  ro t a t i o n .  
S i n c e  t h i s  may c a u s e  p r o b l e m s  i n  t h e  s t a b i l i t y  o f  
measurement  e x e r c i s e s  u n d e r  o r b i t a l  dynamic con- 
d i  t i o n s  , s u g g e s t i o n s  were f o r w a r d e d  t o  MIT/IL 
c o n c e r n i n g  an  i n c r e a s e  of t o r q u e  on t h i s  d e v i c e .  
( 8 )  Des ign  Recommendations - A s  a r e s u l t  o f  assembly-  
l e v e l  t e s t i n g  on  t h e  AOT L e a r n e r s  Model, Thermal  
Breadboard, a n d  M e c h a n i c a l  Breadboard, c e n t r a t i o n .  
a n d  a x i a l  o r i e n t a t i o n  c o n t r o l  o f  t h e  f i r s t  t w o  
o b j e c t i v e  l e n s e s  were f o u n d  t o  be i n a d e q u a t e .  
S u b s e q u e n t l y ,  a t  a m e e t i n g  w.ith M I T / I L ,  d e s i g n  
change  recommendat ions  w e r e  p r e s e n t e d  and were 
c u r r e n t l y  b e i n g  c o n s i d e r e d .  
( 9 )  nal l - to-d isc  w e l d i n q  p r o b l e m s  were e n c o u n t e r e d  on  
t h e  S p r i n g  a n d  D i s c  Assembly ( P N  6011822) .  The 
p rob lem w a s  corrected by a n  a l t e r n a t i v e  b r a z i n g  
process. 
4.4 .2 .2  Ground S u p p o r t  Equipment (GSE) 
(1) TDK-14L-LM S h i p p i n g  C o n t a i n e r  (PN 6014000) .  T h e  
s h i p p i n g  c o n t a i n e r  w a s  s u b j e c t e d  t o  Qualification 
T e s t s  a n d  a r e p o r t  w a s  p r e p a r e d .  The c o n t a i n e r  
s u c c e s s f u l l y  p a s s e d  the q u a l i f i c a t i o n  tests a f t e r  
h a v i n g  i tr s u s p e n s i o n  s y s  tern r e v i s e d  to  e l i m i n a t e  
a p r c 7 . i o u s  d e f i c i e n c y .  Delivery o f  t h e  f i r s t  pro- 
duct ' *n c o n t a i n e r  w a s  e f f e c t e d .  
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( 2 )  TDK-1 5L-LM Alignment  O p t i c a l  T e l e s c o p e  Tester 
( A O T T ) ,  PN 6014003. A F i r s t  Art ic le  T e s t  (FAT) 
t o  d e m o n s t r a t e  field s i t e  c a p a b i l i t i e s  was platrned 
f o r  accompl i shment  a t  GAEC. A FAT Development 
P l a n ,  d a t e d  29 November 1 9 6 5 ,  was i s s u e d  i n  A p o l l o  
f o r m a t .  R e c e n t  deve lopment  however ,  r e q u i r e d  re- 
v i s i o n  of  t h e  AOTT mount ing  base r e q u i r i n g  t h a t  
t h e  o v e r a l l  h e i g h t  cnd w e i g h t  o f  t h e  f i x t u r e  be 
r e d u c e d  t o  a c c e p t a b l e  l i m i t s .  A r e v i s e d  Mech- 
a n i z a t i o n  Drawing,  r e p l a c e d  t h e  o r i g i n a l  v e r s i o n  
which  was p e n d i n g  r e v i e w  by MIT/IL p r i o r  t o  
a l t e r i n g  the a l r e a d y  c o m p l e t e d  f i x t u r e .  A new 
h o i s t i n g  s l i n g  was t o  be s u p p l i e d  so t h a t  t h e  
e x i s t i n g  h o i s t  a t  a l l  s i tes  u n d e r  c o n s i d e r a t i o n  
c o u l d  be u s e d .  An ERP was i n  p r e p a r a t i o n ,  de- 
s c r i b i n g  the a d d i t i o n a l  e f f o r t  t o  be expended 
i n  t h e  p e r f o r m a n c e  of FAT. T h i s  i n c l u d e d  base- 
l i n e  AOT c a l i b r a t i o n  u s i n g  F a c t o r y  T e s t  Equipment  
(FTE) (on  t h e  L e a r n e r  Model AOT) and  t h e  p r e -  
p a r a t i o n  and  p e r f o r m a n c e  o f  tests a t  GAEC, i n -  
c l u d i n g  p r o c e d u r e s  a n d  o t h e r  d o c u m e n t a t i o n .  
( 3 )  LM O p t i c s  C l e a n i n g  K i t  - T h i s  i t e m  w a s  s h i p p e d .  
( 4 )  Vacuum T e s t  Adapter-ERP-K-76 R e v i s i o n  1 was d i s -  
t r i b u t e d  r e v i s i n g  t h e  AOT P r o c u r e m e n t  S p e c i  f  i- 
c a t i o n  6011000 t o  i n c l u d e  t e s t i n g  u n d e r  s i m u l a t e d  
vacuum e n v i r o n m e n t .  T h i s  s p e c i f i c a t i o n  r e v i s i o n  
n e c e s s i t a t e d  d e s i g n  m o d i f i c a t i o n s  t o  t h e  e x i s t i n g  
A3T F i n a l  T e s t  F i x t u r e  (FTE) a n d  AOT Tester (GSE) . 
A m e c h a n i z a t i o n  d r a w i n g ,  a s s e m b l y  a n d  d e t a i l  
d r a w i n g s  f o r  t h e  added vacuum test  a d a p t e r  were 
c o m p l e t e d  for  b o t h  FTE a n d  CSE w i t h  p r o d u c t i o n  
b r e a k - i n  e f f e c t i v i t y  t h r e e  and  o n e - h a l f  months  
a f t e r  go-ahead. N o  a u t h o r i z a t i o n  to  m a n u f a c t u r e  
was r e c e i v e d .  
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4.4.3 I n t e r n a l  Enqineer ing  
4.4.3.1 OUA F a b r i c a t i o n  
BLbCK I - The OUA Block I f a b r i c a t i o n  e f f o r t  was h i g h l i g h t e d  
by t h e  corn?letion and d e l i v e r y  of  AGE 17 and AGE 1 2 ,  as w e l l  a s  
t h e  spare ( fo rmer ly  AGE 10)  OUA. 
The AGE 17  w a s  sh ipped  t o  AC t w o  days  ahead of schedu led  d e l i v -  
ery date,  despite a l a s t -minu te  d e s i g n  change which e n t a i l e d  t h e  
rep lacement  of t h e  trimming module w i t h  a newly des igned  breadboard 
module r e q u i r i n g  r ea l ignment  o f  t h e  OUA and f u r t h e r  t e s t i n g  a f t e r  
i n s t a l l a t i o n .  AGE 17 also r e p r e s e n t e d  t h e  s u c c e s s f u l  cu lmina t ion  
a c t i o n  which c o n s i d e r a b l y  improved t h e  OUA. 
Exper i ence  w i t h  AGE 1 2  proved f a i r l y  si!ailar t o  AGE 17. How- 
e v e r ,  a new problem became e v i d e n t  i n  t h e  tendency for  some motor- 
g e n e r a t o r s  t o  deve lop  o v e r - l i m i t  s t i c t i o n a l  c h a r a c t e r i r s t i c s  w h i ~ t n  
n e c e s s i t a t e d  t h e i r  rcglacement .  AGE 1 2  also r e p r e s e n t s  t h e  f i rs t  
O p t i c a l  Uni t  Assembly (OUA) w i t h  b u i l t - i n ,  vacuum-defocus comgensa- 
t i o n .  The SXT eyep iece  w a s  focused  i n t e r m e d i a t e l y  on t h e  reticle 
f o r  ground t e n t i n g .  By removal of a spacer, sandwiched between t h e  
SXT P a n e l  and t h e  e y e p i e c e ,  t h e  SXT w a s  o p t i m a l l y  focused  for re- 
mote targets i n  space. T h i s  chsnge was r e c e i v e d  o n l y  a few days  
b e f o r e  t h e  u n i t  was sh ipped  and it waa i n c o r p o r a t e d  immr2diately. 
Seven Block 1-100 O U A t s  and t w o  Block 1-100 retrofits were 
accomplished.  I n  a d d i t i ~ n  t w o  Block 1-50 x e t r o f i t s  were completed. 
AGE 1 2 1  w a s  c q n p l e t e d  and sh ipped  t o  AC. AGE 1 2 1  r e p r e s e n t e d  
t h e  first u n i t  b u i l t  and tested t o  meet t h e  f u l l  r equ i remen t s  of  
t h e  Block I1 OUA Procurement S p e c i f i c a t i o n  PS 2011000. Acceptance 
t e s t i n g  was conducted i n  accordance wikh KPS 1lK-2011080-1, Revis ion  
C. The  b u i l d u p  and t e s t i n g  h i s t o r y  for t h i s  u n i t  ia documented i n  
Acceptance Data Package (ADP) No. 38. 
AGE 102 was completed and d e l i v e r e d  t o  K I  Apol lo  A n a l y s i s  and 
E v a l u a t i o n  for  thermal  a n a l y s i s ,  T h i s  u n i t  was b u i l t  and t e s t e d  
t o  meet modified reqb i remen t s  o f  PS 2011000. These m o d i f i c a t i o n s  
were a u t h o r i z e d  by AC D i r e c t i v e  KD-2105. Acceptance t e s t i n g  was 
conducted i n  accorddnce with KPS 1 1 K  2011000-1 AGE 101/102 Revis ion  
I. The b u i l d u p  and t e s t i n g  h i s t o r y  for  t h i s  u n i t  i s  docw~lented i n  
ADP, N o .  45 .  
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AGE 17 ,  p r e v i o u s l y  s h i p p e d  t o  AC, r e p r e s e n t s  t h e  f i r s t  of  t h e  
Block 1-50 O U A ' s  r e t u r n e d  t o  Kollsman f o r  r e t r o f i t t i n g  of s t r a y  
l i g h t  suppress l .on  f e a t u r e s  and e doub le  SXT ret icle.  T h i s  rework,  
i n v o l v i n g  a p p r o x i m a t e l y  50 p e r c e n t  teardown,  was compl.eted and t h e  
u n i t  r e s h i p p e d  t o  AC. The u n i t  was a c c e p t a n c e  t e s t e d  t o  Block I 
QUA r e q u i r e m e n t s  i n  acco rdance  w i t h  FTM 1011000, Rev i s ion  F. The 
h i s t o r y  of t h i s  r e t r o f i t  i s  documented i n  ADP N o .  1 9 ,  Rev i s ion  A. 
AGE 1 2 1  w a s  r e t u r n e d  t o  K I  i n  September f o r  r e t r o f i t  o f  s t r a y  
I l i g h t  s u p p r e s s i o n  f e a t u r e s ,  e l e c t r o n i c s  ground i s o l a t i o n ,  anL i n -  
s t a l l a t i o n  o f  a n t i b a c k l a s h  g e a r s  i n  acco rdance  w i t h  R I B  0106011 
I and K D ' s  2190 aqd 2194. T h i s  work, i n v o l v i n g  a p p r o x i m a t e l y  40 
p e r c e n t  teardown,,  w a s  cornple~tsd and  t h e  u n i t  r e t u r n e d  t o  AC. The 
u n i t  was a c c e p t a n c e  tested i n  acco rdance  w i t h  PS 2011000 R ~ v i s i o n  
C ,  KBS 1 l K  2011000-1, 001,  and  Waiver N o .  K I  C-95 which deleted 
tracker and pho tome te r  o p e r a t i o n  as a s e l l o f f  r equ i r emen t .  The 
h i s t o r y  of t h i s  r e t r o f i t  i s  documented i n  ADP N o .  38, R e v i s i o n  A. 
1 
AGE 20 w a s  t h e  second  of t h e  Block 1-50 O U A ' s  r e t u r n e d  t o  K I  
f o r  r e t r o f i t t i n g  o f  s t r a y  l i g h t  s u p p r e s s i o n  f e a t u r e s  and t h e  a i r /  
vacuum SXT reticle i n  acco rdance  w i t h  R I B ' S  0106011 and 0106012. 
T h i s  work, i n v o l v i n g  a p p r o x i m a t e l y  58 p e r c e n t  teardourn, w a s  com- 
p l e t e d  an$. t h e  u n i t  r e t u r n e d  tc? AC. The OUA was a c c e p t a n c e  t e s t e d  
i n  acco rdance  w i t h  FTM 1011Q00,  R e v i s i o n  F. The h i s t o r y  of t h i s  
r e t r o f i t  i s  documented i n  ADP N o .  1 6 ,  R e v i s i o n  A. 
AGE 110 was d i v e r t e d  from K I  Q u a l i f i c a t i o n  T e s t i n g  f o r  r e p a i r s  
and r e t r o f i t  of e l e c t r o n i c s  ground i s o l a t i o n .  T h i s  work, i n v o l v i n g  
a p p r o x i m a t e l y  25 p e r c e n t  teardown,  w a s  completed  and t h e  u n i t  s e n t  
t o  AC. T h i s  OUA w a s  a c c e p t a n c e  tested i n  acco rdance  w i t h  PS 
2011000, R e v i s i o n  D ,  KPS 1 1 K  2011000-1, R e v i s i o n  L ,  and Waiver N o .  
KI-C-107 which deleted t r a c k e r  and pho tome te r  o p e r a t i o n  as a sell-  
o f f  r e q u i r e m e n t .  The h i s t o r y  o f  t h i s  r e t r o f i t  i s  documented i n  
ADP N o .  46, R e v i s i o n  A.  
AGE 122 w a s  comple ted  and s h i p p e d  t o  AC. T h i s  u n i t  w a s  b u i l t  
w i t h  d f u n c t i o n i n g  b u t  u n t e s t e d  t r a c k e r  and  photomete r .  The OUA 
w a s  a c c e p t a n c e  tested i n  acco rdance  w i t h  PS 2011000, Rev i s ion  D ,  
KPS 1 1 K  2011000-1, Rev i s ion  L ,  and Waiver N o .  KI-C-96 which deleted 
t h e  t r a c k e r  and pho tome te r  t e s t i n g .  The b u i l d u p  and t e s t i n g  h i s t o r y  
of t h i s  u n i t  i s  documented i n  ADP N o .  63. 
AGE 109 w a s  comple ted  and s h i p p e d  t o  I iC .  T h i s  u n i t  w a s  a lso  b u i l t  
w i t h  f u n c t i o n i n g  b u t  u n t e s t e d  t r a c k e r  and  photomete r .  The QUA w a s  
a c c e p t a n c e  tested i n  acco rdance  w i t h  PS 2011000, Rev i s ion  D ,  KPS 
1 1 K  2011000-1, R e v i s i o n  L ,  and  Waiver N o .  KI-C-PO5 which deleted 
t h e  t r a c k e r  and pho tome te r  t e s t i n g .  The b u i l d u p  and t e s t i n g  h i s t o r y  
o f  t h i s  u n i t  i s  documented i n  ADP No. 64 .  
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w AGE 123 was completed and sh ipped  t o  AC. The e l e c t r o n i c s  
module a s s o c i a t e d  w i t h  t h e  trackar and photometer  f u n c t i o n s  were 
deleted from t h i s  u n i t  and a compensating weight  was s u b s t i t u t e d  t o  
ma in ta in  YT s h a f t  ba lance .  The OUA was acceptance  tested i n  ac- 
c ~ r d a n c e  w i t h  PS 201100G, Revis ion E ,  KPS 1 1 K  2013.000-1, Revis ion 
P and Waiver No. KI-C-139 which deleted t h e  t r a c k e r  and photometer  
f u n c t i o n s  and s u b s t i t u t e d  t h e  ba lance  weight .  The buildup and 
t e s t i n g  h i s t o r y  o f  t h i s  u n i t  i s  documented i n  ADP N o .  6 2 .  
BLOCK I1 - Redesign of  T r a c k e r  and Photometer  E l e c t r o n i c s  
(Block 11) w a s  a p p l i e d  t o  a s i n g l e  OUA, AGE 200, S N  010. T h i s  OUA 
was d e l i v e r e d  t o  MIT/IL as an e v a l u a t i o n  u n i t .  The new d e s i g n  
invo lved  r e v i s i o n  a t  t h e  module assembly l e v e l .  ( r e f e r e n c e  Table  4-81 
The Block P I  Lea rne r  Modcl (LM) and AGE 101 ,  as w e l l  as t h e  
e l e c t r o n i c  b readboards ,  were assembled and t e s t e d ,  The LM, AGE 101  
and Breadboards  No. 1 and N o .  2 were completed. Concurrent  w i t h  
f a b r i c a t i o n  and tes t ,  t h e  Block I1 OUA procurement s p e c i f i c a t i o n ,  
PS 2011000,  w a s  f i n a l i z e d .  I n  a d d i t i o n ,  tes t  t echn iques  s p e c i f i e d  
i n  t h e  sub and  f i n a l  assembly test p rocedures  were r e f i n e d .  Four 
v e r s i o n s  o f  t h e  f i n a l  OUA test  were g e n e r a t e d  f o r  t h e  fo l lowing  
a p p l i c a t i o n s  : 
BLOCK I1 LM FINAL TESTING - A composite OUA KPS c o n s i s t i n g  of  
Y 
modif ied  Block I and i n t e r i m  Block I1 J D C ' s  ( J D Q ' s ) .  Th i s  procedure  
p e r m i t t e d  t e s t i n g  t h e  LM w i t h  t h e  Block I P o s i t i o n  T e s t  F i x t u r e  
(PTF) ,  t h e  F u n c t i o n a l  Tester, and temporary equipment for t r a c k e r  
and photometer  test c o n f i g u r a t i o n s .  
EVALUATION UNIT FINAL TESTING - An h te r im Block X I  OUA KPS 
c o n s i s t i n g  of Block I1 procedures  modified to reflect  t h e  subpro- 
curement s p e c i f i c a t i o n  s t a n d a r d s  t o  which AGE 1 0 1  and AGE 102 were 
being bu i l t . .  T h i s  KPS i n c o r p o r a t e a  t h e  B l a c k  I1 PFF and F u n c t i o n a l  
Tester, yet  s e f l e c t s  t h e  use of  i n t e r i m  equipment f o r  tracker and 
photometer  c o n f i g u r a t i o n s .  
I STANDARD OUA FINAL TESTING - A KPS i n c o r p o r a t i n g  p rocedures  
and FTE f o r  Block XI p r o d u c t i o n  O U A ' s  t o  s u b s t a n t i a t e  t h e i r  conform-, 
I ance t o  the Procurement S p e c i f i c a t i o n  w a s  completed. 
FIRST ARTICLE TEST (FAT) COMPATIBILITY - An a b b r e v i a t e d  v e r s i o n  
of t h e  S tandard  Opt ica l  U n i t  F i n a l  T e s t  KPS d e s i g n a t e d  t o  v e r i f y  
c o m p a t i b i l i t y  between GSE &nd FTE. 
SYSTEM DATA - A KPS w a s  i s s u e d  t o  perform a l ignment  tests on 
t h e  SXT Index Head, PN 2011701, and OUA subassembly stage 2 ,  PN 
2011890, w i t h  i n t e r i m  and f i n a l  tes t  equipment. Method books t o  
accomplish t h e s e  tests were released. The f o c u s i n g  f i x t u r e  (FTE) t o  
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set  Tracker  and Horizon Sensor  O p t i c s  was complete and o p e r a t i o n a l .  
The p o t t i n g  s p e c i f i c a t i o n s  f o r  Phototube f a b r i c a t i o n  was r e v i s e d  
to  1 2 0 ' ~  a t  longer  c u r e  times t o  e l i m i n a t e  h igh  t empera tu re  tube  
problems. 
Table  4-8 
MODULE ASSEMBLY REVISIONS 
Block 11 
T i t l e  
-.- Block  I (100) Dwg N o .  Redesiqn Dwg. N o .  
High Vol tage  Power Supply 2007030 2007030-011 
Tuning Fork Assembly 2007023 N o  Redesign 
Head E l e c t r o n i c s  Assembly 
(Tracker )  
Head Electronics Assembly 
(Photometer)  
4.4.3.2 T e s t  Equipment 
GROUND SUPPORT EQUIPMENT (GSE) 
BLOCK I 
1. TU K-74 Five-inch Autocol l imator  - The l a s t  u n i t  was d e l i v e r -  
e;l and the TD completed. 
2. TD K-92 Two and one-half  i n c h  Autoco l l ima to r  (SCT) - The l a s t  
unit w a s  d e l i v e r e d  and t h e  T D  completed. 
3. TD K-86 G and N I n s t a l l a t i o n  Q u a l i f i c a t i o n  F i x t u r e  - Three 
u n i t s  were completed and d e l i v e r e d .  
4 .  TD K-86 Azimuth Reference F i x t u r e  - Three u n i t s  were com- 
p l e t e d  and d e l i v e r e d .  The last two u n i t s  were i n  t h e  final 
assembly s t a g e .  
5. TD K-86 C e r t i f i c a t i o n  F i x t u r e  ( f o r  3. and 4. above) - Three 
u n i t s  were completed and d e l i v e r e d .  
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w 6.  TD K-107 T h e o d o l i t e s  and S u p p o r t i n g  Equipment - The re t ic le  
r e t r o f i t  w a s  performed on f o u r  u n i t a .  The f i n a l  t h r e e  ret icles 
were f a u l t y  and were rejected. Thr vendor  manufactured new 
ret ic les .  
7. T D  K-108 Two and one-ha l f  i n c h  A u t o c o l l i m a t o r  (SXT) - The l a s t  
u n i t s  have  been d e l i v e r e d  an6  t h e  TD i s  now completed. 
8. TD K-132 H e t r o r e f l e c t i n g  P r i s m  - One prism h a s  been d e l i v e r e d .  
The second  u n i t  had i n d i c a t i o n s  of a n  i n t e r n a l  f a u l t  and was 
r e t u r n e d  t o  t h e  vendor .  The f i r s t  prism c e r t i f i c a t i o n  f i x t u r e  
was accepted and d e l i v e r e d .  
FACTORY TEST EQUIPMENT (FTE) 
BLOCK 11 
1. SXT - SCT Transmis s ion  Tester 
2 -  E i g h t - i n c h  r e f l e c t i n g  Collimator 
3. Dual P r e a m p l i f i e r  Tester 
4 .  Trunnion  Mirror F l a t n e s s  Tester 
5. Precision B a l l s  
Dual P h o t o d e c t o r  and Preamplif ier  Assembly Tester 
Dual High Voltage Power Supply  T e s t e r  
Dual Tuning Fork Oscillator Tester 
E l e c t r o n i c s  Assembly Tester 
S t i c t i o n  Tester 
Narrowband A m p l i f i e r  S i m u l a t o r  
Tracker -Photomete r  Focus ing  F i x t u r e  
Pho to tube  Peak ing  F i x t u r e  (PTF) 
PTF M o d i f i c a t i o n  
15 .  F u n c t i o n a l  Tester M o d i f i c a t i o n  
16 .  S t a r -Hor i zon  S i m u l a t o r  
1 7 .  S t a r -Hor i zon  C e r t i f i c a t i o n  F i x t u r e  
18 .  A u x i l i a r y  PTF 
1 9 .  Narrowband S i m u l a t o r  (Photomete r )  
20. SXT Mirror I n t e r f e r o m e t e r  
21.  P h o t o t u b e  Tester 
2 2 .  Hor izon C a l i b r a t i o n  Un i t  
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GROUND SUPPORT EQUIPMENT (GSE)  
BLOCK I1 
F u n c t i o n a l  Tester (FT) 
V a r i a b l e  D e v i a t i o n  Wedge 
P o r t a b l e  L i g h t  Assembly 
S h a f t  Accuracy Tester 
t h r e e  u n i t s  
f o u r  u n i t s  
one u n i t  
Yoke P o s i t i o n  F i x t u r e  t w o  u n i t s  
Alignment  Mirror Assembly one  u n i t  
A u t o c o l l i m a t o r  P la te  Assembly ( 0  f i v e  u n i t s  
A u t o c o l l i m a t o r  P la te  Assembly ( 4 5 ' )  t h r e e  u n i t s  
Star Horizon S i m u l a t o r  C e r t i f i c a t i o n  
F i x t u r e  (SHSCF) f i v e  u n i t s  
10. G and N F i x t u r e  S t a n d  n i n e  u n i t s  
SXT HEAD MIRROR INTERFEROMETER - Kollsman r e c e i v e d  a Pe rk in -  
E l m e r  Modi f ied  Twyman Green I n t e r f e r o m e t e r .  T h i s  i n s t r u m e n t  a p p l i e s  
t h e  Michae l son  i n t e r f e r o m e t e r  t o  t h e  p r e c i s e  e v a l u a t i o n  o f  o p t i c a l  
sy s t ems .  A s  t h e  i n s t r u m e n t  i s  u s e d  on t h e  A p o l l o  SXT, it supp le -  
ments  t h e  data o b t a i n e d  on t h e  f l a t n e s s  o f  mirrors o b t a i n e d  i n d i v i d -  
u a l l y  i n  t h e  Davidson F i z e a u  I n t e r f e r o m e t e r .  
T h i s  i n s t r u m e n t  e n a b l e s  much more p r e c i s e  e v a l u a t i o n  t h a n  was 
possible by c a l c u l a t i o n  from t h e  i n d i v i d u a l  mirror r e p o r t s  because  
t h e  a d d i t i o n  i s  a u t o m a t i c  and h a s  d o u b l e  s e n s i t i v i t y .  T h i s  i s  due 
t o  the c o n f i g u r a t i o n  which c a u s e d  t h e  beam o f  l i g h t  tc t r a v e r s e  t h e  
mirror assembly t w i c e .  
The r e s u l t s  o f  t h i s  t e c h n i q u e  conf i rmed  t h e  work done p r i o r  t o  
a c q u i s i t i o n  of t h e  i n s t r u m e n t ,  i n  cases where t h e  mirrors u s e d  had 
r e g u l a r  c o n t o u r s .  However, w i t h  mirrors h a v i n g  i r r e g u l a r  depar -  
t u r e s  from f l a t n e s s ,  o n l y  t h e  new t e c h n i q u e  i s  reliable.  The t ech -  
n i q u e  h a s  also shown t h a t  t h e  mounting d e s i g n  and p r a c t i c e  h a s  
m a i n t a i n e d  t h e  e x p e c t e d  mirror performance.  
Kollsman p l anned  t o  conduc t  tests  u s i n g  t h i s  new i n s t r u m e n t  
to d e t e r m i n e  how the mirrors pe r fo rm under  v a r y i n g  t e m p e r a t u r e s ,  
t h e r e b y  enhanc ing  means t o  improve t h e r m a l  s t a b i l i t y .  
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COATED MIRRORS - I n i t i a l  d i f f i c u l t i e s  w e r e  e x p e r i e n c e d  by t h e  
vendors  i n  s u p p l y i n g  Kollsman w i t h  SXT Head M i r r o r s .  T h e  s u r f a c e  
f l a t n e s s  r equ i r emen t  o f  1/8 A proved d i f f i c u l t  t o  m a i n t a i n  through-  
o u t  t h e  r e f l e c t i o n  enhancement c o a t i n g  o p e r a t i o n .  A j o i n t  i n v e s t i -  
g a t i o n ,  i n i t i a t e d  by K I  w i t h  t h e  mirror vendor  and conducted  a t  
t h e  l a t t e r ' s  f a c i l i t y ,  proved t h a t  c o n t r o l  o f  f l a t n e s s  was l o s t  
when t h e  m i r r o r  was s u b j e c t e d  t o  t h e  h i g h  c o a t i n g  t e m p e r a t u r e s  
r e q u i r e d  f o r  enhanced r e f l e c t i o n .  S t r e s s  r e l i e f  a t  a  h i g h e r  tem- 
p e r a t u r e  and c a r e f u l  r e g u l a t i o n  of h e a t i n g  and c o o l i n g  r a t e s  b r o u g h t  
t h e  problem under  c o n t r o l .  
MOTOR GENEPATORS - Excess ive  s t a r t i n g  v o l t a g e  v a l u e s  were 
r e g i s t e r e d  when t h e  motor  w a s  e n e r g i z e d  i n  a vacuum o f  l o o 4  torr o r  
h i g h e r .  I n v e s t i g a t i o n  d i s c l o s e d  a h i g h  t e m p e r a t u r e  g r a d i e n t  be- 
tween t h e  motor  hous ing  and t h e  r o t o r .  B ind ing  r e s u l t e d  when t h i s  
g r a d i e n t ,  t r a n s m i t t e d  th rough  t h e  b e a r i n g ,  caused  t h e  i n n e r  r a c e  
t o  expand a t  a h i g h e r  r a t e  t h a n  t h e  o u t e r  race, t h e r e b y  removing 
t h e  a l l o w a b l e  r a d i a l  p l a y .  C o r r e c t i v e  a c t i o n  w a s  t a k e n  by au tho-  
r i z i n g  a  d rawing  change t o  p e r m i t  t h e  u s e  o f  l a r g e r  r a d i a l  p l a y  
b e a r i n g s .  
' l lUNING FORKS - K I  r e v i s e d  t h e  e lec t r ica l  d a t a  on t h e  SCD t o  
comply w i t h  p a r a m e t e r s  n o t e d  i n  r e p e t i t i v e  t e s t i n g  o f  p r o d u c t i o n  
W u n i t s  o f  t h e  Tuning Fork. Materials Review Board (MRB) a c t i o n  on  
B e r y l l i u m  hous ing  d i s c r e p a n c i e s  w a s  s t u d i e d  and a comple te  d e l i v e r y  
of p a r t s  w a s  made t o  American T i m e  p r o d u c t s  f o r  r e w o r k  t o  i n c o r p o r -  
a t e  t h e  n e c e s s a r y  changes .  Dual t x x k e r  f o r k s  were i n s t a l l e d  i n  
t h e  l a h o r a t o r v  t r a c k e r  hous ing  f o r  e x p e r i m e n t a l  pu rposes .  P ro -  
d u c t i o n  problems caused  by t h e  u s e  o f  32-gauge w i r e  were s o l v e d  by 
chang ing  t o  26-gauge w i r e ,  t h u s  min imiz ing  l e a d  breakage .  
F a i l u r e  r e p o r t s  were r e q u e s t e d  on t w o  t u n i n g  f o r k  u n i t s  f o r  
tracker use. A co i l  c i r c u i t  f a i l u r e  w a s  d i s c o v e r e d  on one  Engi- 
n e e r i n g  E v a l u a t i o n  ( se r i a l  number EE-1)  u n i t  a f t e r  d e l i v e r y  t o  K I  
and  a  p i n c h e d  l e a d  was n o t e d  on a second  t l n i t .  C o r r e c t i v e  a c t i o n  
w a s  accompl i shed  on b o t h  u n i t s .  The vendor  s u b m i t t e d  a p r o c e d u r e  
t o  measure t u n i n g  f o r k  imbalance ,  SP01563A, which w a s  approved 
a f t e r  minor  c o r r e c t i o n .  
PHOTOMULTIPLIER TUBES - Proposed and/or  completed  changes  t o  
t h e  P h o t o m u l t i p l i e r  Tube SCD i n c l u d e d :  
(1) d e l e t i o n  o f  F i g u r e  I and F i g u r e  I1 (T ime  r e s ~ l u t i o n  and 
t y p i c a l  anode c h a r a c t e r i s t i c s . )  
( 2 )  r e l o c a t i o n  of anode rise t i m e  and e l e c t r o n  t r a n s i t  t i m e  
from Tab le  I1 t o  p a r a g r a p h  3 ,  Design Requirements ,  
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( 3 )  t i g h t e n i n g  e n v e l o p e  d i m e n s i o n s  o f  t h e  P h o t o m u l t i p l i e r  
t u b e ,  
( 4 )  p r o v i s i o n  o f  an  a l i g n m e n t  h o l e  i n  t h e  t u b e  b a s e .  
A r e q u e s t  w a s  i s s u e d  t o  remove p a r a g r a p h  5 ,  S p e c i a l  Concl i t ion-  
i n g  and tc  downgrade QC p r o v i s i o n s  from Class 2 t o  C l a s s  3 .  The 
r e q u e s t  w a s  n o t  a p p r o v e d  by K%, due  t o  t h e  c o n d i t i - o n  o f  t h e  pho to -  
m u l t i p l i e r  t u b e s  i n s p e c t e d  a n d  d e l i v e r e d .  M e e t i n g s  a t  RCA and  K I  
, t o  d i s c u s s  b e n t  ?.eads and  d i s t o r t e d  t u b e  e n v e l o p e s  r e s u l t e d  i n  a 
, program which  got: u n d e r  way t o  e l i m i n a t e  t h e s e  d e f e c t s .  A s  a g r e e d  
w i t h  t h e  v e n d o r ,  t h r e e  c l a s s  A t u b e s ,  which had o f f  c e n t e r  c a t h o d e s ,  
w e r e  r e t u r n e d .  
Approx imate ly  t h i r t y - f i v e  pho tomul t . ip l . i e r  t u b e s  were d e l i v e r e d ,  
c o m p l e t i o n  o f  a t o t a l  o r d e r  o f  a i -x ty  t u b e s  w a s  a n t i c i p a t e d .  A re- 
o r d e r  o f  o n e  h u n d r e d  t w e n t y  p h o t o m u l t i p l i e r  t u b e s  w a s  f o r w a r d e d  t o  
the v e n d o r .  Twelve t u b e  module f a i l u r e s  o c c u r r e d  i n - h o u s e  d u r i n q  
v a r i o u s  p h a s e s  o f  m a n u f a c t u r e .  
IlEAD ELECTRONICS - The p r e a m p l i f i e r s  e x h i b i t e d  i n c o n s i s t e n t  
g a i n  f r o m  u n i t  t o  u n i t  a s  w e l l  a s  a t e n d e n c y  t o  o sc i l l a t e .  
T h e  i n c o n s i s t e n t  g a i n  r e s u l t e d  from a l l o w a b l e  p a r a m e t e r  toler-  
anccs  on t h e  i n p u t  F i e l d  E f f e c t  T r a n s i s t o r  (FET) which  c a u s e d  some 
u n i t s  t o  operate i n  t h e i r  s a t u r a t i o n  r e g i o n s .  T h i s  p rob lem w a s  
c o r r e c t e d  by c h a n g i n g  the v a l u e  o f  a b i a s  resistor.  
E l i m i n a t i o n  of t h e  o s c i l l a t i o n s  was a c h i e v e d  by a d d i n g  a capa-  
c i t o r  t.o r e d u c e  h i g h  f r e q u e n c y  and by s h i e l d i n g  t h e  h i g h  impedance 
i n p u t  PET. The s h i e l d  p r e v e n t s  f e e d b a c k  f rom t h e  o u t p u t  s t a g e  which 
i s  a d j a c e n t  t o  t h e  i n p u t .  A new l a y o u t  w a s  d e s i g n e d  a n a  the u n i t  
pe r fo rmed  w e l l  w i t h o u t  t h e  n e e d  f o r  any s h i e l d i n g .  The l a y o u t  was 
r e v i e w e d  by MIL/IL.  
Nonal ignment  o f  t h e  p h c t o m u l t i p ~ i e r  t u b e  t o  t h e  o p t i c s  c a n  
p r o d u c e  p h y s i c a l  t o l e r a n c e  b u i l d u p s  i n  a n  as sembly .  A tes ter  was 
b u i l t  t o  a d j u s t  t h i s  p o s i t i o n  and  check  t h e  r e s u l t a n t  o p e r a t i o n .  
Ilowever, t h e  m e c h a n i c a l  c o n f i g u r a t i o n  d i d  not. p e r m i t  t h e  n e c e s s a r y  
t u b e  r o t a t i o n .  Kol lsman d e s i g n e d  a ro ta tab le  c o n f i g u r a t i o n  which  
was r e v i e w e d  by MIT/IL. 
H I G H  VOLTAGE POWER SUPPLY (HVPS) MODULES - MVPS b r e a d b o a r d s  
were b u i l t  and t e s t e d  e x h a u s t i v e l y .  S e v e r a l  c h a n g e s  i n  component 
values and minor  c i r c u i t  c o n f i q u r a t i o n s  were s u g g e s t e d  and  i n -  
c o r p o r a t e d  i n t o  t h e  we lded  modules .  These  c h a n g e s  improved o p e r a -  
t i n q  p o i n t s ,  o p t i m i z e d  scale f a c t o r s ,  and  r e d u c e d  component power 
d i s s i p a t i o n .  
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'- OSCIIALATOR MODU1,ES - T h e  t r a c k e r  f o r k  d r i v e s  d i d  n o t  a c t i v a t e  
t h e  f o r k s  t o  t h e  p r o p e r  d r i v e  cmpl i t ude  and l acked  t h e  proper 
phase  r e l a t i o n s h i p  f o r  t h e  r e f e r e n c e  o u t p u t .  C i r c u i t  changes  were 
implemented and s e v e r a l  welded u n i t s  were b u i l t  w h i c h  proved s a t i s -  
f a c t o r y  . 
1 
BLOCK XI FUNCTIONAL TESTER - A F i n e  I n d i c a t o r  Rece ive r  was i n -  
c o r p o r a t e d  i n  t h e  Block I1 F u n c t i o n a l  Tester t o  p e r m i t  p r e c i s e  
1 p o s i t i o n i n g  o f  t h e  S h a f t  and Trunnion.  The s i z e  11, two-minute 
r e c e i v e r  acts  as a l o a d  on t h e  6 4 X  r e s o l v e r  t r a n s m i t t e r  o n  t h e  
I S e x t a n t  Trunnion .  A series o f  tests f o r  accu racy  were conduc ted  
t o  d e t e r m i n e  t h e  amount o f  e r r o r  i n t r o d u c e d  i n t o  t h e  6 4 X  r e s o l v e r  
o u t p u t  a n g l e  w i t h  t h e  r e c e i v e r  as a load .  Using two r e c e i v e r s ,  
S N  6384 and SN 6388, t w o  accu racy  tests were performed. e v e r y  one 
d e g r e e  from z e r o  t o  30 d e g r e e s  o f  mechanica l  r o t a t i o n .  See F i g u r e  
4 - 1 .  Two a d d i t i o n a l  a c c u r a c y  tests were made t o  compare t h e  peak- 
to-peak errors. (See F i g u r a  4 - 1 . )  One t e s t  w a s  made i n  acco rdance  
w i t h  t h e  PS 1012065 p r o c e d u r e  and t h e  o t h e r  under  no l o a d  w i t h  
o u t p u t  w ind ings  f l o a t i n g .  Tho i n s i g n i f i c a n t  e f f e c t  e x e r t e d  by t h e  
F i n e  I n d i c a t o r  Rece ive r  on t h e  6 4 X  r e s o l v e r  t r a n s m i t t e r  roeadout  i s  
c l e a r l y  i n d i c a t e d  i n  t h e  f o l l o w i n g  d a t a  and a s s o c i a t e d  F i g u r e s  4 - 1  
and  4-2.  
p-p error 
p-p error  
w pap error 
p-p error 
(per PS 1012065) 
(un loaded )  
( S N  6384) 
(SN 63d8) 
6 .7  sec. 
7.3 sec. 
6.5 sec. 
6 .8  sec. 
RESOLVERS - The a v a i l a b i l i t y  and d e l i v e r y  o f  a l l  h igh  p r e c i s i o n  
r e s o l v e r s  (64X and 16X) was ahead  o f  s c h e d u l e d  r equ i r emen t s .  The 
d e l i v e r y  o f  1X r e c e i v e r s  and t r a n s m i t t e r s  w a s  a l s o  mee t ing  r e q u i r e d  
s c h e d u l e s .  A change t o  t h e  a c c u r a c y  r e q u i r e m e n t s  w a s  under  cons id -  
e r a t i o n  t o  i n s u r e  u n i n t e r r u p t e d  d e l i v e r y  w h i l e  remain ing  c o m p a t i b l e  
w i t h  t h e  new Block I1 OUA s p e c i f i c a t i o n s .  
( a )  64X Reso lve r  - A r ev i ew  o f  a l l  t h e  documented discrep- 
a n c i e s  d i d  n o t  d i s z l o s e  any problems d i r e c t l y  a t t r i b u t a b l e  
t o  t h e  64X Reso lver .  However, i n  o r d e r  t o  i n s u r e  t . ha t  
a s u f f i c i e n t  amount of d a t a  w a s  a v a i l a b l e  i n  t h e  e v e n t  
o f  a d e v i h t i o n  o r  f a i l u r e ,  t h e  J D Q ' s  a s s o c i a t e d  w i t h  
t h e  SXT Trunnion Accuracy and z e r o  were expanded t o  
i n c l u d e  i n f o r m a t i o n  on t h e  1 X  and 2 X  r e s o l v e r s .  
(b) 16X Reso lve r  - The SXT S h a f t  Dr ive  Axis  (SDA)  e x h i b i t e d  
I 
an  u n u s u a l l y  barge  number o f  d e v i a t i o n s  b e f o r e  and 
a f t e r  env i ronmen ta l  exposu re s .  
ERROR 
(5EC) 
Figure 4-1  Accuracy Test Data With Fine Indicator Rccei-ver as Load 
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The m a j o r i t y  o f  t h e  d e v i a t i o n s  o c c u r r e d  a s  a n  out -of - ,  
s p e c i f i c a t i o n  c o n d i t i o n  a t  o p t i c a l  z e r o .  ?'he r e s o l v e r  
seemed t o  s h i f t  m e c h a n i c a l l y  s i n c e  a n  i n - s p e c i f i c a t i o n  
measurement  a t  z e r o  moves t o  a n  o u t - o f - s p e c i f i c a t i o n  
c o n d i t i o n  a f t e r  e x p o s u r e  t o  e n v i r o n m e n t .  The peak- to-peak  
r 2 s u l t s  o f  t h e  J D Q ' s  show t h a t  t h e  r e ~ o l v e r  m a i n t a i n e d  
~ t s  basic ha rmonics  and p e a k s  and  v a l l e y s .  Al though t h e  
z e r o  seemed t o  move, a p l o t  o f  t h e  e r r o r  d a t s  i n d i c a t e d  
t h a t  t h e  r e s o l v e r s  m a i n t a i n e d  t h e i r  charac te r i s t i c  s h a p e .  
T h e  g r a p h s  i n  F i g u r e s  4 - 3  a n d  4-4 show a p l o t  o f  t h e  
e r r o r s ,  r e c o r d e d  a t  f o u r  d i f f e r e n t  t i m e s  f o r  t h e  f i r s t  
2 2  degrees o f  r o t a t i o n  on  AGE 110 and  AGE 123.  The peak-  
to -peak  v a l u e s  f o r  t h e  f o u r  c u r v e s  are t a b u l a t e d  a s  f o l -  
l o w s  : 
AGE 1 2 3  
(ADU r e a d i n g  x l o o 3 )  
- 
Max. d i f f .  = .6 x = 2.16" 
NOTE 
AGE 110 
(ADU r e a d i n g  - x - 
Max. d i f f .  = .9 = 3.24" 
The la rge  peak  r e c o r d e d  on o n e  
of t h e  c u r v e s  f o r  AGE 1 2 3  a t  lo 
was i g n o r e d  i n  t h e  p r e c e d i n g  
tab les  s i n c e  i t  w a s  s u b s e q u e n t l y  
found t o  b e  i n  error.  
( d )  The maximum d i f f e r e n c e s  n o t e d  i n  t h e  p r e c e d i n g  tables  
amount t o  a b o u t  10 p e r c e n t  o f  t h e  allowable peak-to-peak 
t o l e r a n c e  ( 4 4  sec.).  T h i s  same v a r i a t i o n  w a s  n o t e d  i n  
b o t h  p u b l i s h e d  and  u n p u b l i s h e d  data  on  AGE 1 2 1 ,  AGE 111, 
and AGE 1 2 2 .  The z e r o  s h i f t  phenomenon r e s u l t s  i n  
c h a n g e s  t h a t  amount t o  s e v e r a l  s e c o n d s  where  t h e  allow- 
a b l e  error is  1 0  s e c o n d s .  T h i s  i s  e q u i v a l e n t  t o  v a r i a t i o n s  
o f  25  p e r c e n t  and h i g h e r .  
( e )  An i n v e s t i g a t i o n  i n t o  t h e  e f f e c t  p r o d u c e d  by t h e  t r i m  
module i n d i c a t e d  t h a t  for AGE 1 2 3  t h e  t r i m  module w a s  
p e r f o r m i n g  i n  a c c o r d a n c e  w i t h  t h e  t h e o r e t i c a l  c a l c u l a -  
t i o n s .  C a l c u l a t e d  g r a d i e n t  f o r  t h e  t r i m  module i s  
- 
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Figure 4-3.  JDQ 03004, AGE-123 
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Figure 4 - 4  J D Q  0 3 0 0 4 ,  AGE 110 
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1 5  mv/turn o f  t h e  p o t e n t i o m e t e r  which i s  e q u i v a l e n t  
t o  6 . 2 5  s e c o n d s / t u r n .  On AGE 123  t h e  v o l t a g e  on t h e  
t r i m  was measured a t  76 mv e q u a l s  32 seconds. The 
z e r o  was measured a t  47 w i t h o u t  t h e  t r i m  module and 
1 4  s econds  w i t h  t h e  t r i m  module. The d i f f e r e n c e  o f  
3 3  seconds  i s  c o n t r i b u t e d  by t h e  t r i m  module. T h e  
t r i m  module o b v i o u s l y  was n o t  c a u s i n g  t h i s  t y p e  o f  
t r o u b l e .  
f )  T h e  r e s u l t  o f  f u r t h e r  a n a l y s i s  o f  t h i s  problem i n -  
d i c a t e d  t h a t  a  p h y s i c a l  movement o f  e i t h e r  o f  t h e  
two p a r t s  of t h i s  r e s o l v e r  would r e s u l t  i n  a  z e r o  
s h i f t  w h i l e  s t i l l  m a i n t a i n i n s  peak-to-peak a c c u r a c y  
w i t h i n  r e a d a b l e  l i m i t s .  S i n c e  complete  d a t a  on t h e  
1X r e s o l v e r  a s s o c i a t e d  w i t h  t h i s  u n i t  was n o t  a v a i l -  
a b l e ,  changes  were i n c o r p o r a t e d  i n t o  t h e  J D Q ' s .  
MOTOR GENERATOR - The s i x  sample  s e r v o m a t o r s ,  w i t h  t h e  b l a c k -  
ened  d r a g  cups ,  were d e l i v e r e d  and tested a t  K I  under  t h e  p roposed  
s p e c i a l  c o n d i t i o n i n g  (+ 150°F and -40°F) .  A l l  sexvomotors  p e r -  
formed s a t i s f a c t o r i l y  and t h e  q u a l i f i c a t i o n  t o  t h e  d r a g  cups  was 
i n c o r p o r a t e d  i n t o  a l l  s e rvomoto r s  i n  p r o c e s s  and a t  S o l v e r e .  I n  
a d d i t i o n ,  t h e  motors were r e t u r n e d  t o  S o l v e r e  f o r  i n c o r p o r a t i o n  o f  
r i b h o n  r e t a i n e r  b e a r i n g s  and t h e  new d r a g  cup d e s i g n .  
PHOTOMULTIPLIER TUBES - C o n s i d e r a b l e  p r o g r e s s  was made i n  up- 
grading  t h e  q u a l i t y  of t h e  tube leads. D i f f i c u l t y  i n  devising a 
q u a n t i t a t i v e  c r i t e r i a  o f  lead a c c e p t a b i l i t y  p r e v e n t e d  r e s o l u t i o n  
of t h e  problem. To  a l l e v i a t e  t h i s  problem,  K I  and t h e  vendor  selec- 
ted  a s i n g l e  t u b e ,  SN 900, as r e p r e s e n t a t i v e  o f  t h e  minimum c c e p t -  
a n c e  c r i t e r i a  f o r  lead q u a l i t y .  Accep tab l e  l e a d s  are t h o s e  q u a 1  
t o  o r  b e t t e r  t h a n  t h e  c r i t e r i a  o f  t h e  sample t u b e .  The r e l a t i o n -  
s h i p  between t u b e  n o i s e ,  d a r k  c u r r e n t s  and mode s e n s i t i v i t i e s  w e r e  
i n v e s  t i g a t - e d .  R e s u l t s  i n d i c a t e d  t h a t  t h e  r e l a t i o n s h i p  betwec n 
t u b e  n o i s e  and mode s e n s i t i v i t y  was n o t  c l e a r l y  d e f i n e d  or r e a d i l y  
p r e d i c t a b l e  and t h a t  t u b e s  r e j e c t e d  on t h e  b a s i s  o f  poo r  s i g n a l - t o -  
n o i s e  r a t i o  ( r a t i o  measured a t  s e n s i t i v i t i e s  o f  100 amps/lumen) 
may per form s a t i s f a c t o r i l y  a t  t h e  lower  s e n s i t i v i t y  l e v e l s  used  i n  
t h e  T r a c k e r .  Pho to tube  s t u d i e s  c o n t i n u e d  i n  t h e  f o r e g o i n g  a r e a s ,  
and a d d i t i o n a l  tests were made t o  d e t e r m i n e  pho toca thode  q u a l i t y  
and p r e d i c t a b i l i t y  o f  r e s p o n s e .  
ZENER DIODES INVESTIGATION - A s  a r e s u l t  o f  ex t ended  p e r f o r -  
mance t e s t i n g  a t  KI, t h e  r e l i a b i l i t y  o f  t h e  1010830-11 z e n e r  d i o d e  
( t r a c k e r  preamp s t a r  p r e s e n c e  c i r c u i t )  w a s  q u e s t i o n a b l e .  T e s t s  
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i n d i c a t e d  t h a t  a  l a r g e  p e r c e n t a g e  o f  KI stock f a i l e d  t o  meet t h e  Y 
m r ~ i r t u r e  l e a k  r e q u i r e m e n t s  ( N D  1 0 0 2 0 5 4 ) .  Fo l low t h r o u g h  i n v e s t i -  
$ -a t ion  a t  t h e  v e n d o r ' s  f a c i l i t y  r e v e a l e d  t h a t  t h c  v e n d o r  was aware 
o f  t h e  noncompl iance ,  b u t  n e g l e c t e d  t o  reca l l  t h e  u n i t s  i n  q u e s t i o n .  
S u i t a b l e  d o c u m e n t a t i o n  and  a s s u r a n c e s  were f u r n i s h e d  t o  K I  i n d i c a t i n g  
t h a t  t h e  p rob lem would be  e l i m i n a t e d  i n  f u t u r e  s h i p m e n t s .  
BEAMSPLITTER, P/IJ 2012222 - I n  t h e  f i r s t  l o t  o f  b e a m s p l i t t e r s  
I o b t a i n e d  from t h e  v e n d o r ,  a c c e p t a n c e  was b a s e d  on t h e  e v a l u a t i o n  
I of s p e c t r o p h o t o m e t r i c  c u r v e s  o f  t w o  s a m p l e s  i n  t h e  l o t .  Subsequent 
I 
s y s t e m  tests  i n d i c a t e d  t h a t  some o f  t h e s e  f i l t e r s  d i d  n o t  meet t h e  
l a t e s t  p a r t  s p e c i f i c a t i o n .  
S p e c t r o p h o t o m e t r i c  c h e c k s  on  t h e  s e c o n d  l o t  of 1 2  b e a m s p l i t t e r s  
i n d i c a t e d  t h a t  t h e y  s a t i s f i e d  c o n d i t i o n s  r e q u i r e d  by R e v i s i o n  D. 
IIowever, f u r t h e r  c h e c k  on f l a t n e s s  r e q u i r e m e n t s  rejected a l l  h u t  
SN's  1 0 1 5 ,  1 0 1 7 ,  and  1019.  S N  1016 was r e t a i n e d  f o r  e n g i n e e r i n q  
e v a l u a t i o n .  
The vendor  i n d i c a t e d  d i f f i c u l t y  i n  m a i n t a i n i n g  t h e  f l a t n e s s  
of t h e  b l a n k s  t h r o u g h  i t s  c o a t i n g  p r o c e s s .  A c l o s e r  l i a i s o n  w i t h  
t h e  v e n d o r  t o g e t h e r  w i t h  c h a n g e  t o  a more s t a b l e  s u b s t r a t e  (PEJ 
2012222, R e v i s i o n  G )  i n c r e a s e d  t h e  number o f  a c c e p t a b l e  p a r t s .  
One l o t  o f  f o u r  b e a m s p l i t t e r s  were c o a t e d  w i t h  t h e  new s u b s t r a t e .  
I n  view o f  t h e  c r i t i ca l  n a t u r e  o f  t h e s e  p a r t s ,  K I  e n q i n e e r i n q  con- 'w 
t i n u e d  t o  m o n i t o r  t . h e i r  p r o g r e s s ,  
A d d i t i o n a l  p r o c e d u r e s  f o r  i n s p e c t i o n  were i n s t i t u t e d  which 
i n c l u d e d  1 0 0  p e r c e n t  s p e c t r s - t r a n s m i t t a n c e  measurements  by t h e  
velrdor t o  i n s u r e  f i n a l  q u a l i f i c a t i o n .  A t e s t  p r o c e d u r e  was set  up 
by KI: Q u a l i t y  C o n t r o l  w i t h  t h e  v e n d o r  f o r  a s t e p - b y - s t e p  i n s p e c t i o n .  
I n  m e a s u r i n g  t h e  t r a n s m i t t a n c e  o f  a beamsplitter i n  a  s p e c t r o -  
p h o t o m e t e r  a t  4 5 O  i n c i d e n c e ,  t h e  measurement  beam d e v i a t e d  from t h e  
c e n t e r  o f  t h e  p h o t o m e t e r  s e n s o r  by t h e  t h i c k n e s s  o f  s u b s t r a t e .  To  
compensa te  t h i s  beam d e v i a t i o n ,  t h e  s p e c t r o - t r a n s m i t t a n c e  o f  t h e  
b e a m s p l i t t e r s  w a s  measured  t w o  a t  a t i m e .  The r e s u l t i n g  s p e c t r o -  
c u r v e  r e p r e s e n t s  t h e  p r o d u c t  a t  t h e  t w o  s p e c t r o - t r a n s m i t t a n c e s .  
Shou ld  t h e  t r a n s m i t t a n c e s  o f  t h e  t w o  b e a m s p l i t t e r s  t e s t e d  p r o v e  
i d e n t i c a l ,  t h e n  t h e i r  i n d i v i d u a l  t r a n s m i t t a n c e  i s  t h e  s q u a r e  root  
of  t h e  a f o r e m e n t i o n e d  c u r v e .  However, t h i s  does n o t  a l w a y s  a p p l y .  
T o  e n s u r e  t h a t  t h e  s p e c t r o - c u r v e  o b t a i n e d  by t h e  s p e c t r o p h o t o -  
I meter r e p r e s e n t s  a s i n g l e  b e a m s p l i t t e r ,  a n  u n c o a t e d  s u b s t r a t e  was 
used w i t h  t h e  b e a m s p l i t t e r  t o  compensa te  f o r  measurement  beam 
deviation. S i n c e  t h e  a t t e n u a t i o n  o f  t h e  u n c o a t e d  s u b s t r a t e  i s  
e a s i l y  d e t e r m i n e d ,  t h e  s p e c t r o - t r a n s m i t t a n c e  o f  t h e  b e a m s p l i t t e r  
a l o n g  c a n  be f a c t o r e d  o u t .  
r.- r 
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SXT HEAD MIRRORS (BERYLLIUM) - The p r o d u c t i o n  f a c i l i t i e s  o f  
t h e  S t a r  L ine  o f  S i g h t  (SLOS) m i r r o r s  were i n c r e a s e d ,  Thc c o n t r o l  
~ r o c e d u r e s  were reviewed and upda ted  w i t h  t h e  v a r i o u s  vendors  i n -  
vo lved .  T e c h n i c a l  c o o r d i n a t i o n  a f f e c t i n g  a l l  vendors  improved. 
A l l  p a r t s  i n  p r o c e s s  a t  c o a t i n g  were h e a t - t r e a t e d  i n  acco rdance  
with t h e  l a t e s t  r e v i s i o n s .  These  m i r r o r s  were l apped  more t o  t h e  
concave s i d e  o f  t h e  t o l e r a n c e .  I t  was a n t i c i p a t e , d  t h a t  these 
r e v i s i o n s  would p roduce  more s tab le  mirrors as t h e  r e s u l t  of t h e  
c o a t i n g  p r o c e s s ,  which c a u s e s  t h e  mirrors t o  move i n  a conTrex 
d i r e c t i o n .  A material r e d u c t i o n  i n  t h e  p e r c e n t a g e  o f  p a r t s  re- 
q u i r i n g  rework t o  meet t h e  drawing r e q u i r e m e n t s  became e v i d e n t .  
Anodized B e r y l l i u m  Components - R I ,  MIT/IL and AC m e t  t o  
implement NASA's r e q u e s t  t o  improve t h e  c o r r o s i o n  r e s i s t i n g  cha rac -  
t e r i s t i cs  of t h e  OUA. A t  t h i s  mee t ing  it was de t e rmined  t h a t  t h e  
exposed b e r y l l i u m  components,  i .e .  o p t i c a l  b a s e ,  SXT and SCT 
p a n e l s  and t h e i r  s ea l  g a s k e t  f rames ,  s h o u l d  b e  b l a c k  anod ized .  Mini- 
mum r e q u i r e m e n t s  were e s t a b l i s h e d  f o r  a n o d i z e  c h a r a c t e r i s t i c s  ancl 
a r e a s  t o  be  anodized .  A target  f o r  imp lemen ta t ion  o f  t h e  anod ize  
r e q u i r e m e n t s  was s e t  a t  AGE 2 0 3  and a team w a s  s e l e c t e d  t o  make 
i n q u i r y  and v i s i t  p o t e n t i a l  vendor s  for t h e  a n o d i z e  f i n i s h .  I t  was 
f u r t h e r  a g r e e d  t h a t ,  ba sed  on  t h e  f i n d i n g s  o f  t h e  team, AC would 
authox- ize  K I  v i a  TWX t o  p roceed  w i t h  p lacement  of a n  o r d e r  for  
a n o d i z i n g  based on a budge ta ry  e s t i m a t e .  
The team c o n t a c t e d  and v i s i t e d  s e v e r a l  vendors  and concluded 
. a t  B r w h  D e s y l l i m  csf Cle~eiand, Ohio was the b e s t  s u i t e d  to the 
*ask. On t h e  b a s i s  o f  t h e  b i d  from Brush,  a TWX w a s  s e n t  t o  AC 
w i t h  t h e  e s t i m a t e  and a r e q u e s t  f o r  a p p r o v a l  t o  a n o d i z e  t h e  AGE 1 
o p t i c a l  b a s e  f o r  MIT/ILgs e v a l u a t i o n .  AC r e f u s e d  a p p r o v a l  on t h e  
g rounds  t h a t  MIT/IL c o u l d  h a n d l e  t h e  a n o d i z i n g  more e f f i c i e n t l y .  
AC f u r t h e r  i n d i c a t e d  t h a t  t h e  urgency o f  implement ing t h e  anodizing 
r e q u i r e m e n t  by AGE 2 0 3  was s u p e r s e d e d  by t h e  more radical d e s i g n  
r e v i s i o n s  ( T r a c k e r  and Photomete r  d e l e t i o n ) .  
The Photometer  HVPS was manufac tured  w i t h o u t  d i f f i c u l t y .  T e s t  
c a b l e s  and t e r m i n a l  b o a r d s  were p r e p a r e d  and used to select t h e  
h i g h  v o l t a g e  (HV)  l e v e l  f o r  p r o p e r  Photometer  o u t p u t .  S p e c i a l  
h a n d l i n g  reduced  l e a d  breakage  and a n  SCD w a s  s u b m i t t e d  t o  MIT/IL 
for more f l e x i b l e  w i r e  t o  f u r t h e r  r educe  t h e  b reakage .  
The T r a c k e r  HVPS w a s  a c o n t i n u i n g  problem. U n i t s  which f e l l  
w i t h i n  s p e c i f i c a t i o n  r e q u i r e m e n t s  were assembled  by s e l e c t i n g  a 
r e s i s t o r ,  a Zener d i o d e  and a t r a n s i s t o r .  These  components were 
d i f f i c u l t  t o  o b t a i n ,  as t h e  m a n u f a c t u r e r s  would n o t  p r o v i d e  compo- 
n e n t s  i n  t h e  narrow r a n g e  o f  t h e  parameters needed. I n  a d d i t i o n ,  
t h e  HV and S t a r  P r e s e n c e  o u t p u t s  d r i f t e d  f o r  app rox ima te ly  one-hal f  
hou r  a f t e r  t h e  u n i t  w a s  i n  o p e r a t i o n .  K I  p r e p a r e d  and t e s t e d  
several a l t e r n a t e  c i r c u i t s .  These  c i r c u i t s  were s u b m i t t e d  t o  
FIIT/IL f o r  e v a l u a t i o n  and development  o f  a new d e s i g n  f o r  Block 11. 
T e s t s ,  performed due t o  i n i t i a l  d i f f i c u l t i e s  i n  a d j u s t i n g  p r o t o t y p e  
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models  o f  t h e  s u p p l y ,  i n d i c a t e d  t h a t ,  w h i l e  t h e  d e s i g n  i s  o p e r a b l e ,  
an  improvement i n  t h e  a d j u s t m e n t  p r o v i s i o n s  o f  t h e  s u p p l y  was 
h i g h l y  d e s i r a b l e  and  c o u l d  be e f f e c t e d  w i t h  a  r e l a t i v e l y  small 
m o d i f i c a t i o n .  See  K I  p u b l i c a t i o n  AA-65-260, "Repor t  o f  Assembly 
High V o l t a g e  Power Supp ly  S t a r  T r a c k e r  PN 2007175" d a t e d  1 6  December 
1 9 6 5 .  
F O C U S I N G  AND P E A K I N G  (IIS and  ST) - P o s i t i o n i n q  o f  t h e  o b j e c t i v e  
l e n s  on  t h e  Hor izon  S e n s o r  (IIS) and  S t a r  T r a c k e r  (ST) f o r  optimum 
f o c u s  a t  350 and 400 m i c r o n s  r e s p e c t i v e l y  were pe r fo rmed  a t  FTE 
l e v e l .  To  r e d u c e  o p e r a t o r  error d u e  t o  r e a d o u t  a m b i g u i t y ,  a  narrow- 
I band p a s s  g r e e n ,  f i l t e r  w a s  added t o  v i s u a l  r e a d o u t s .  T h i s  p e r m i t -  
ted more a c c u r a t e  o b s e r v e r ' s  s e t t i n g  f o r  v i s u a l  f o c u s  which i s  
t h e n  corrected for  t h e  350 and  400 m i c r o n  p o s i t i o n s .  
I 
I n  a d d i t i o n ,  t h e  p e a k i n g  f i x t u r e  was r e - o r i e n t e d  t o  v e r t i c a l  
p o s i t i o n  t o  e l i m i n a t e  t h e  i n h e r e n t  e r ror  d u e  t o  s a g  o r  f i x t u r e  
i m b a l a n c e .  Ver t ica l  r e p o s i t i o n  r e q u i r e d  r e w o r k  o f  the p e a k i n q  
f i x t u r e .  
ST p e a k i n g  a t  t h e  component l e v e l  w a s  i n t r o d u c e d  t o  a c c o u n t  
f o r  v e r t i c a l  p o s i t i o n  o f  peak  p h o t o c a t h o d e  o u t p u t .  The e x i s t i n g  
FTI: f i x t u r e  f o r  Head e l e c t r o n i c s  w a s  b e i n g  m o d i f i e d  and corres- 
pond ing  r e v i s i o n s  t o  t h e  a p p r o p r i a t e  KPS t o  p e r m i t  p h o t o c a t h o d e  
s u r v e y  i n  t h e  v e r t i c a l  p o s i t i o n  f o r  peak  r e s p o n s e  were i n  e f f ec t .  
S u i t a b l e  s p a c e r s  were i n s t a l l e d  a t  t h e  a s s e m b l y  l e v e l  t o  l o c a t e  
t h i s  p o s i t i o n  w i t h  r e s p e c t  t o  STLOS. 
RESOLVER Z E R O I N G  AND ACCURACIES - A p r o p o s a l  t o  i n c r e a s e  t h e  
a l l o w a b l e  a n g u l a r  error o f  Resolver PN 1012157 from 2  m i n u t e s  t o  
2 . 5  m i n i u t e s  w a s  rejected. T h i s  resolver affects  performance c f  
t h e  S c a n n i n g  T e l e s c o p e  (SCT) s h a f t  a n d  t r u n n i o n .  I t  w a s  e x p e c t e d  
t h a t  t h e  i n c r e a s e  f rom 2 t o  2.5 m i n u t e s  would n o t  a f f e c t  t h e  o v e r -  
a l l  pa r fo r inance  o f  t h e  OUA, wh ich  i s  4 m i n u t e s  maximum f o r  s h a f t  
and  8 m i n u t e s  maximum f o r  t r u n n i o n .  Out  o f  30 r e c e i v e d ,  n i n e  
r e s o l v e r s  w i t h  a n g u l a r  error above t h e  s p e c i f i c a t i o n  o f  2 m i n u t e s  
w e r p  a c c e p t e d .  I n s u f f i c i e n t  s y s t e m  t e s t  d a t a  was ava i l ab le  on  
the u s e  of t h e s e  r e s o l v e r s  t o  i n d i c a t e  t h e i r  e f f e c t  on  t h e  o v e r a l l  
accuracy of t h e  OVA. I n  AGE 1 2 1 ,  SN 1012 (JDQ 3006) p roduced  a 
maximum error nf 2 m i n u t e s  which  i s  h a l f  o f  t h n  maximum a l l o w a b l e  
f o r  t h e  S h a f t  D r i v e  Axis  (SDA) . I n  a d d i t i o n ,  a chanqe  t o  t h e  
qearbox was implemented ,  i n c o r p o r a t i n q  a n  a n t i b a c k l a s h  g e a r  on t h e  
r e s o l v e r  s h a f t  t o  f a c i l i t a t e  t h e  z e r o i n g  p r o c e d u r e .  
I SXT I N D E X  MIRROR BALANCING - S t a t i c  b a l a n c i n q  o f  t h e  SXT I n d e x i n g  Mirror and  Mount Assembly,  PN 2011712, a b o u t  i t s  t r u n n i o n  
a x i s  c o u l d  n o t  be a c c o m p l i s h e d  o n  SN 1 0 ,  S N  11, and SN 1 2 ,  d u e  t o  
I a n  a p p a r e n t  l a c k  o f  w e i g h t  on  t h e  c o u n t e r w e i g h t  side o f  t h e  assem- b l y .  
The a d d i t i o n a l  w e i g h t  r e q u i r e d  t o  b a l a n c e  SN 11 w a s  o b t a i n e d  
by m a n u f a c t u r i n g  a l e f t - h a n d  c o u n t e r w e i g h t ,  PN 2012457, and  a 
r i g h t - h a n d  c o c n t e r w e i g h t ,  PN 2012456, t o  t h e  " h i g h  l i m i t s "  of t h e  
d i m e n s i o n a l  t o l e r a n c e s  s p e c i f i e d  o n  t h e  c o u n t e r w e i q h t  d e t a i l  draw- 
i n g s .  
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I n  o r d e r  t o  b a l a n c e  SN 1 0  and SN 12 ,  new, h e a v i e r ,  l e f t - h a n d  
and r i g h t - h a n d  c o u n t e r w e i g h t s  were r e q u i r e d .  T he  a d d i t i o n a l  we iqh t  
w a s  o b t a i n e d  by i n c r e a s i n g  t h e  t h i c k n e s s  o f  t h e  c o u n t e r w e i g h t ,  and 
by r e d u c i n g  t h e  t o t a l  t o l e r a n c e  l i m i t s  o f  c e r t a i n  a p p r o p r i a t e  d i -  
mensions.  The d imens iona l  changes  a s  o u t l i n e d  i n c r e a s e d  t h e  we igh t  
o f  each  c o u n t e r w e i g h t  by app rox ima te ly  18  p e r c e n t  o f  t h e  o r i g i n a l  
we igh t .  
Scanning  Te le scope  (SCT) Trunnion Dr ive  Axis (TDfi) Assembly 
Technique - Assembly methods used  f o r  t h e  SCT T D A ,  PN 2 0 1 1 2 1 5 ,  
were reviewed and r e v i s e d  t o  improve t h e  r e p e a t a b i l i t y  of SCT TDA 
a c c u r a c y  a f t e r  v i b r a t i o n .  The improvement was accompl ished hv 
e n s u r i n g  t h a t  t h e  b e a r i n g s  i n  t h e  SCT TDA assembly were p r o p e r l y  
s e a t e d .  
The t e l e s c o p e  Trunnion Axis  Assembly PN 2011215, r e q u i r e d  
s e a t i n g  o f  t h e  b e a r i n g s  i n t o  a  b l i n d  h o l e  o f  t h e  hous ing ,  and a  
c l o s e  t o l e r a n c e  f i t  on t h e  worm-shaft ,  PN 2011198. F a i l u r e  o f  
t h e s e  b e a r i n g s  t o  s e a t  i n  e i t h e r  t h e  hous ing  o r  t h e  s h a f t ,  r e s u l t e d  
i n  s h a f t  end p l a y ,  i n d i c a t e d  a s  n o n - r e p e a t a b i l i t y ,  o r  accu racy  
problems i n  t h e  SCT Trunnion Dr ive  S h a f t .  The r e v i s e d  methods i n -  
c o r p o r a t e d  a d d i t i o n a l  t e c h n i q n e s  and t o o l i n g  t o  p r e f i t  and p r e s s f i t  
t h e  b e a r i n g s  i n t o  t h e  hous ing  and s h a f t  w i t h o u t  damaging t h e  bea r -  
i n g s .  A d i m e n s i o n a l  check o f  t h e  i n d i v i d u a l  p a r t s  i n  t h e  assembly ,  
v e r s u s  t h e  o v e r a l l  assembly d imens ion ,  a f t e r  t h e  p a r t s  were assem- 
b l e d ,  was a l s o  r e f e r e n c e d  as an  added check t o  a s s u r e  p r o p e r  s e a t i n g  
o f  these b e a r i n g s .  
SCT OBJECTIVE ASSEMBLY TECHNIQUE - An SCT accu racy  f a i l u r e  on 
AGE 1 2 2  w a s  caused  by a  l o o s e  o b j e c t i v e  l e n s .  Conseauen t ly ,  a 
r e v i s e d  Route and Tool  (R and T )  p r o c e d u r e  was deve loped  t o  e n s u r e  
p r o p e r  s e a t i n g  and l o c k i n g  o f  t h e  assembly.  The new t e c h n i q u e  
uses dimensi.ona1 and l o c k i n g  t o r q u e  measurements t o  e n s u r e  p r o p e r  
assembly.  
SCANNING TELESCOPE (SCT) OBJECTIVE AND RETICLE R E D E S I G N  - 
During t h i s  r e p o r t  period, f a i l u r e  o f  t h e  SCT LOS t o  m a i n t a i n  
a l i g n m e n t  t h rough  mechanica l  i n t e g r i t y  became c h r o n i c .  The f i r s t  
d i a g n o s i s  w a s  t h a t  t h e  SCT ret icle  had s h i f t e d .  However, r e t i g h t -  
e n i n g  of t h e  ret icle  changes  f a i l e d  to  p r e v e n t  a n o t h e r  s h i f t  d u r i n g  
a r e p e t i t i o n  o f  t h e  mechanica l  i n t e g r i t y  v i b r a t i o n s .  F u r t h e r  i n -  
v e s t i g a t i o n  d i s c l o s e d  t h a t  t h e  c a u s e  o f  t h e  f a i l u r e  l a y  i n  t h e  
o b j e c t i v e  l e n s  sys tem.  Cc: w a s  de t e rmined  t h a t  t h e  d e s i g n  w a s  su s -  
c e p t i b l e  t o  f a i l u r e  f o r  s e v e r a l  r e a s o n s :  Cocked o r  c a n t e d  l e n s e s  
and /or  spacers c a u s e d  a n  u n s t a b l e  assembled c o n d i t i o n  u p s e t  by 
v i b r a t i o n ;  a i r  c u s h i o n s  p r e v e n t e d  t h e  l e n s  s t a c k  from bot toming  
c o m p l e t e l y  ; t h e  "0" r i n g  t h a t  s h o u l d  p r o v i d e  v i b r a t i o n - p r o o f i n g  
e i t h e r  f a i l ed  i n  t h i s  f u n c t i o n  or acted t o  b i n d  t h e  l o c k r i n g  b e f o r e  
it  w a s  bottomed. 
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The assembly  r e q u i r e m e n t  f o r  minimum l e n s  s t r a i n  would a c t  i n  
c o n c e r t  w i t h  t h e  a f o r e m e n t i o n e d  p o s s i b i l i t i e s  i n  c a u s i n g  t h e  f a i l u r e s  
t h a t  were e x p e r i e n c e d .  The immedia te  remedy t h a t  p e r m i t t e d  c o n t i n u -  
a t i o n  o f  p r o d u c t i o n  was a change  i n  a s sembly  t e c h n i q u e s .  The s h a f t s  
t h a t  h a d  f a i l e d  were r e a s s e m b l e d  , l d e r  c o n t r o l l e d  c o n d i t i o n s ,  t h e  
v i l ~ r a t i o n - p r o o z i n g  *On r i n g  w a s  l r g h t l y  l u b r i c a t e d  t o  p r e v e n t  b ind-  
i n g ,  a n d  a  maximum t o r q u e  commensurate  w i t h  t h e  m e c h a n i c a l  s t r e n g t h  
of t h e  a s s e m b l e d  components  was a p p l i e d  tc  e n s u r e  t h a t  t h e  "0" r i n g  
I and a i r  c u s h i o n  r e s i s t a n c e  were overcome.  The s t a c k e d  w e i g h t  was 
I a l s o  compared t o  t h e  sum o f  t h e  i n d i v i d u a l  e l e m e n t  w e i g h t s  t o  e n s u r e  
t h a t  t h e  a s sembly  was c o m p l e t e l y  compressed .  A s  t h e s e  p r e c a u t i o n s  
p r o v e d  s u c c e s s f u l  on  t h e  reworked  u n i t s ,  t h e y  became s t a n d a r d s  f o r  
a l l  fo l low-on  s h a f t  assemblies. A s  a r e s u l t  o f  t h e  f o r e g o i n g  ex-  
p e r i e n c e  i n  p r o d u c t i o n ,  a d e s i g n  s t u d y  o f  t h e  s h a f t  a s sembly  was 
c o n d u c t e d .  T h i s  s t u d y  y i e l d e d  t w o  d e s i g n  improvements  as f o l l o w s  
which s u b m i t t e d  t o  MIT/IL f o r  i n c o r p o r a t i o n .  
The f i r s t  r e d e s i g n  w a s  prompted  when t h e  i n i t i a l  f a i l u r e  o c c u r -  
red i n  t h e  SCT ret icle  mount. The p r e s e n t  d e s i g n  a p p r o x i m a t e d  t h e  
Block I SXT re t ic le  d e s i g n  which  had f a i l e d  o n  several  o c c a s i o n s  i n  
Block I p r o d u c t i o n .  T h a t  SXT was r e d e s i g n e d  f o r  Block I1 and h a s  
p r o v e n  v e r y  s u c c e s s f u l .  I t  t h e r e f o r e  a p p e a r e d  l o g i c a l  t h a t  re l ia -  
b i l i t y  and p r o l o n g e d  p r e c i s i o n  a l i g n m e n t  would lz enhanced  by 
u t i l i z i n g  t h e  same re t ic le  mount ing  a r r a n g e m e n t  f o r  t h e  SCT. F i g u r e  
4-5 d e m o n s t r a t e s  how t o  a c c o m p l i s h  t h i s  w i t h  minimum rework  o r  
s c r a p p i n g  o t  p a r t s .  A m o d i f i c a t i o n  a t  t h e  O u t e r  T e l e s c o p e  Tube 
Assembly (PN 2011722)  l e v e l  i s  r e q u i r e d ,  i n v o l v i n g  f i v e  new p a r t s  
and  no change t o  t h e  main O e r y l l i u m  t e l e s c o p e  t u b e  or  t h e  SCT reticle.  
T h i s  new d e s i g n  d u p l i c a t e s  t h e  cemented  re t ic le  fiange, r emovab le  
pos . t i o n i n g  cams, a n d  p o s i t i v e  l o c k i n g  f e a t u r e s  o f  t h e  Block I1 
SXT re t i  cle m o u n t i n g  a r r a n g e m e n t .  
The s e c o n d  r e d e s i g n  i n v o l v e s  a n  improvement  t o  t h e  mount ing  o f  
t h e  SCT O b j e c t i v e  l e n s  e l e m e n t s  i n  t h e  SCT s h a f t  a n d  i s  i l l u s t r a t e d  
i n  F i g u r e  4-6.  I n  t h i s  r e d e s i g n ,  a p o s i t i v e  b a n k i n g  s u r f a c e  is  
p r o v i d e d  f o r  t h e  t h i r d  o b j e c t i v e  d o u b l e t ,  YN 2011.709. The f i r s t  
two d o u b l e t s ,  P N  2011709 and  PN 2011708 are  molantcd and  l o c k e d  i n t o  
p l a c e  w i t h  t h e  f i r s t  l o c k i n g  r i n g  which  t h r e a d s  i n t o  t h e  main b e r y l -  
l i u m  telescope t u b e .  The t h i r d  d o u b l e t  i s  t h e n  c lamped a g a i n s t  t h e  
f i r s t  l o c k i n g  r i n g  by a s e c o n d  l o c k i n g  r i n g  t h a t  t h r e a d s  i n t o  t h e  
f i r s t .  The t h i r d  d o u b l e t  is  t h e n  s e c u r e d ,  i n d e p e n d e n t  o f  t h e  f i r s t  
two. T h i s  m o d i f i c a t i o n  r e q u i r e s  no c h a n g e s  t o  t h e  o p t i c s  or  tele- 
s c o p e  t u b e  a n d  o n l y  r e q u i r e s  t w o  new mount ing  r i n g s .  
SXT INDEX HEAD DALANCE - I n i t i a l  d e s i g n  and  f a b r i c a t i o n  o f  t h e  
c o u n t e r w e i g h t  t o  r e p l a c e  Head E l e c t r o n i c s  w a s  comnpleted. Redes ign  
of t h i s  i l n i t  t o  p r o v i d e  a more r i g i d  l u g  i s  i n  work.  I n s t a l l a t i o n  
of t h i s  c o u n t e r w e i g h t  w i l l  be a r r a n g e d  by ECO to  e x p e d i t e  manufac-  
t u r e .  Drawing N o .  2012723 w a s  a s s i g n e d  t o  t h i s  pa r t .  
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LUMINOUS TRANSMITTANCE - Both AGE 110 and AGE 111 requi red  
sell-off waivers when they were found t o  be nonconfoming by f a i l -  
i n g  a por t ion  of  a luminous t ransmit tance  acceptance test .  The 
requirement f o r  t ransmi t tance  through t h e  SXT LIDS is 4 percent .  
Both u n i t s  measured approximately 3 percent  f o r  t h i s  parameter. 
Inves t iga t ion  and ana lys i s  pinpointed t h e  Beamrpli t t e r  , PN 2012222 
as r e spons ib le  f o r  thilr f a i l u r e .  AGE 121 met luminous t ransmit-  
t anca  requiremente b u t  contained a non-Class A Beamspli t ter .  AGE 
I 110 and AGE 111 contained Clas8 A Becuruplitter.. A series of  
I t ransmi t tance  tests with ramples o f  both categories of  Beamspli t ters  
I 
from s tock  v e r i f i e d  t h a t  t h e  d i f f e r e n c e  i n  t ransmit tance  between 
I* t h e  t w o  ca tegor i se  of  Beamspli t ters  corresponded t o  t h e  d i f f e r e n c e  
between t h e  acceptabla  AGE 1 2 1  and t h s  out-of - spec i f i ca t ion  AGE 110 
and AGE 111. See Table 
( a )  Luminous Transmit tance  I n v e s t i g a t i o n  - The problems 
encountered i n  q u a l i f i c a t i o n  o f  OU Lwdinoua Trans- 
mi t tance  have been twofeld. One is t h e  i n a b i l i t y  
t o  o b t a i n  a s u f f i c i e n t l y  accura te  reading o f  t h e  
LLOS Luminous Transmittance.  Sewnd,  is t h e  
a c q u i s i t i o n  of Beamspli t ters  which c o n s i s t e n t l y  
meet t h e  part  s p e c i f i c a t i o n .  
(bl Pritchard Photometer C a l i b r a t i o n  - The Pr i t cha rd  
Photometer has  been analyzed and found t o  be "red 
d e f i c i e n t "  (a.g, it is no t  as s e n s i t i v e  t o  t h e  
longer  wavelength o f  the v i a i b l e  spectrum a s  it 
ahould be). I n  t h e  sea rch  of a method t o  e x t r a c t  
meaningful data from t h e  P r i t c h a r d ,  s h o r t  of 
elaborate spectrophotometr ic  c a l i b r a t i o n  a t  a 
standam.88 laboratory ,  an  expedient  method was 
developed i n  which a c o r r e c t i o n  factor was der ived 
far t h e  P r i t c h a r d  when measuring t h e  LLOS. 
I n  such a c a l i b r a t i o n ,  a source with monochrometer and a 
c a l i b r a t e d  thermocouple must be ueed. The t h e n o w u p l e  g ives  t h e  
abso lu te  energy emitted by t h e  mnochrometer whi le  t h e  photometer 1 
gives  t h e  response t o  t h i s  emitted energy. By t ak ing  the readings I 
a t  r egu la r  i n t e r v a l s  o f  the wavelength ragion a a p e c t r a l  s e n s i t i v i t y  i 
cume of t h e  photometer can be obta ined.  This  curve w i l l  be similar L i but c e r t a i n l y  not i d e n t i c a l  to  t h e  i d e a l  s tandard  luminoeity curve. t 
There i s  inauf f  i c i e n t  data a t  this po in t  t o  a s c e r t a i n  t h e  r e t e n t i o n  1 I 
of t h i s  c a l i b r a t i o n .  I 
a 
After  such a c a l i b r a t f o n  is made, a co r rec t ion  f a c t o r  w i l l  
s t i l l  be necessary,  should there be a def ic iency  i n  i ts red region 
s e n s i t i v i t y .  
The c o r r e c t i o n  f a c t o r  is t h e  rat io of the t h e o r e t i c a l  and the  
measured luminous t ransmi t tances  o f  a s p e c i f i c  "CP" f i l t e r  . The 
assumption is t h a t  this f i l ter  h a s  e s s e n t i a l l y  t h e  same spectral- 
,- 
* 
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t r ansmi t t ance  at5 t h e  SXT LLOS and, by determining a cor  - ec t i on  
f a c t o r  far it, a c o r r e c t i o n  f a c t o r  usab le  for measuring for  t h e  
LLQS is a l s o  determined. 
For  t h i 8  s p e c i f i c  C F  f i l t e r ,  an a c t u a l  beamsp l i t t e r  ha s  been 
u t i l i z e d .  Its s p e c t r a l - t r a n s m i t t a n c e  F ( A )  was measured a c c u r a t e l y  
o n  a spectrophotometer .  The energy of  t h e  i l l uminan t  "C!" , re- 
q u i r e d  for t h e  test ,  through t h e  CF f i l t e r  as sensed by an eye of 
s t a n d a r d  luminosi ty  S ( X )  was ob ta ined  by t h e  fol lowing equat ion:  
I 
I Where B(A)  = s p e c t r a l  r ad iance  o f  tungs ten  lamp a t  2854OK 
0(A) - spectral t r ansmi t t ance  o f  opal g l a s s  used a s  
d i f f u s e r  
C ( A )  - spectral t r ansmi t t ance  o f  Corning C-1-71 f i l t e r  
used t o  correct 2854OK black  body t o  i l l u m i n a n t  C. 
The t h e o r e t i c a l  luminous t r ansmi t t ance  of t h e  CF f i l t e r  is  
t h e n  g iven  by: 
1 I n  a c t u a l l y  measuring this q u a n t i t y ,  t h e  Pri tchard photometer 
is s u b s t i t u t e d  for S and t h e  i n t e g r a l s  are replaced by t h e  ou tpu t  
of t h e  photometer. However, each i t e m  under t h e  i n t e g r a l  are 
I p h y s i c a l l y  p r e s e n t  and pertineat. 
I T = P r i t c h a r d  o u t p u t  w i t h  CF f i l ter  m P r i t c h a r d  o u t p u t  of i l l u m i n a n t  C on ly  I T h e  c o r r e c t i o n  factor CP is then  simply: 
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I n  t h e  l o n  run a certified spectrophotometr ic  c a l i b r a t i o n  on 0 a Pri tchard pho ometer may s t i l l  be made a t  a s tandards  laboratory .  
To f a c i l i t a t e  better alignment of t h e  photometer l i n e  of  
s i g h t  with t h a t  of the SXT alignment fixture18 are under considera- 
t i o n .  One o f  them i r  an inc l ined  mirror t o  bar a t tached  t o  t h e  
photometer l ens  used t o  a i d  t h e  positioning o f  t h e  photonmter. 
F ix tu res  to i n s u r e  t h e  s t a b i l i t y  of  t h e  test conf igura t ion  
a r e  also under cor  - i d e r a t i o n .  These f i x t u r e s  would r e t a i n  a de- 
g r e e  of freedom i n  t h e  v e r t i c a l  d i r e c t i o n  f o r  t h e  peaking of  t h e  
photometer. 
HORIZON SENSOR OUTPW PROBLEMS - The Horizon Sensor (HS) out -  
put problem was due t o  l i g h t  l e v e l  changes and A w i l i a r y  P rec i s ion  
T e s t  F i x t u r e  (APTF) c a l i b r a t i o n  problems. 
(a)  An extens ive  i n v e s t i g a t i o n  by X I ,  which included sky 
measurements i n  optimum sky condi t ion  a reas ,  con- 
s u l t a t i o n s  with t h e  National Bureau of  Standards 
(NBS) and conf erences with MIT/IL , were completed, 
and t h e  c e r t i f i c a t i o n  equipment r eca l ib ra t ed .  
(b) I n  ordor  t o  determine t h e  l i g h t  losse8 due t o  urre of 
t h e  APTF, K I  measured, and had o t h e r  o p t i c a l  manu- 
f a c t u r e r s  measure t h e  r e f l e c t i o n  factors of t h e  
Def lec t ion  Mirrors. I n  add i t ion ,  a Normal Probe 
Mounting Probe was designed to  allow direct measure- 
ment o f  s imula tor  l i g h t  as it e n t e r s  the OUA. 
HORIZON SENSOR ( H S )  ALIGNMENT PROBLEMS - I n  view o f  v a r i a t i o n s  
i n  Photometer U)S alignment (PLOS) to m S ,  a n  error ana lye is  due 
t o  t o l e r a n c e  bui ldup was inves t iga t ed .  This  review showed t h a t  t h e  
PLOS was o f f s e t  by .O ld  inches and, for Me o p t i c a l  c h a r a c t e r i s t i c s  
of t h e  photometer l e n s ,  .014 inches  oorreaponded t o  15 arc-minutes. 
As e r e s u l t ,  adjustments t o  t h i s  LOS were inve r t iga t ed .  Two methods 
f o r  adjustment were ava i l ab le .  One method read jus ted  t h e  o b j e c t i v e  
l e n s  wi th  r e spec t  to t h e  objective l e n s .  I n  both cases, t h e  
was ad jus t ed  w i t h  r e s p e c t  to  t h e  LLOS. 
STAR TRACKER SIGNAL GRADIENT PmBLEMS - The Star Tracker  
s i g n a l  g r a d i e n t  was above s p e c i f i c a t i o n  requirements i n  each system 
produced to date. Calcu la t ions  showed t h a t ,  within t h e  t o l e r a n c e  
l i m i t s  o f  a l l  components as s p e c i f i e d ,  t h e  s i g n a l  g rad ien t  could 
vary from s l i g h t l y  below t o  mare t han  t e n  times above t h e  s p e c i f i -  
c a t i o n  requirements.  K I  proposed ona resistor, t o  be mapmted on 
the terminal  board, t o  be selected ae a HV adjustment a t  t h e  OUA 
l e v e l  to set t h e  grad ien t .  MIT/IL rejected t h i s  approach, and 
would r a t h e r  adjust the ga in  of t h e  Tracker  Head E lec t ron ic s  module 
a t  t h e  subassembly l e v e l .  Tests were developed a t  #I which de- 
termined reliable subassembly test parameters, t h a t  would a s su re  
OUA s ignal  g rad ien t s  which meet speclf i c a t i o n  requirements. 
4-71 
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CQMPARISON OF BEAMSPLITTER TRANSMITTANCE 
SN 103  - PN 2012222 
31 AUGUST 1965 
Beamspl i t ter  Percent  
Filter Type Source I n t e n s i t y  I n t e n s i t y  Transmission 
N o  f i l t e r ,  
d i f f e r e n t  
s o u r c e  30 .0  
CS-1-71 (Sq)  4 . 2  
CS-1-71 (Rd) 4 .0  
Corning 
N o .  5900 
SN 1 0 4  - PN 2012222 
31 AUGUST 1965 
No f S l t e r ,  





N o .  5900 
S N  1005 - 1 SEPTEMBER X965 
N o  f i l ter  29 . O  
Corning 
N o .  5900 
-- 
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STAR TRACKER ALIGNMENT PROBLEMS - Final  t a s  ts on S t a r  Tracker 
(ST) alignment indicated t h a t  the t runnion axia had in-specif ica- 
t i o n  and out-of -8pecif i c r t i o n  tolaranee. on r e p e t i t i v e  tea  ts . T h i s  
oondit ion was rmolved when such va r i a t lona  on t h e  e a r l i e r  OUA were 
a t t r i b u t e d  t o  opera tor  technique and raadouts. 
Holding twenty-second accuracy i n  Trunnion Axis as a require- 
ment h a  been defined a8 a two-stap operat ion.  Basic alignment i8  
performed a t  t h e  2011701 assembly l e v e l  by s e t t i n g  t h e  fork  houring, 
and f i n a l  alignment is  completed a t  t h e  2011890 assembly l eve l  by 
ad jus t ing  one Tracker Mirror. The a b i l i t y  t o  perform bae ic  al ign- 
ment a t  t h e  2011701 aascambly l e v e l  wi th  O"PE o r  with an o p t i c a l  base 
has been included i n  t h e  KPS t o  allow uninterrupted fabr i ca t ion  de- 
pending upon completion of  rubaasemblier. 
Conl i s ten t  readout o f  Trunnion M i x  aacuracy fo r  t h e  STmS 
before and after v ib ra t ion  tests wag notad during OUA tests. 
Famil iar izat ion of APTF se tup  f o r  such test8 is one of the i m -  
po r t an t  f ac tor8  i n  maintaining in-speei f i c a t i o n  conditions. 
STICTION PROBLEMS DURING THE- VACUUM TESTING - The high 
st ict  ion  problems t h a t  were exhib i ted  by S e w m o t o r ,  P N  1012156, 
dur ing thermal vacuum t e s t i n g  have been 8olved by increasing t h e  
r ad i a l  and en& play spec i f i c a t i ons  . 
A proposed change t o  t h e  8pec ia l  condit ioning was under con- 
s i de r a t i on ,  changing t he  room temperature requirements t o  a h o t  (+150°F) and a cold (-40.8) cycle.  
A t  t h e  end of Auguat, t w o  Solvere servomotors were subjected 
t o  t h e  proposed spec i a l  condit ioning.  The r e s u l t s  of these tests 
were presented t o  Solvere engineering. The tests were not 100 8 ,A 
percent  conclusive i n  favor of the Solvere  design and a aimple 
modificat ion to t h e  present  design was recommended. Since t h e  
problem e x i s t s  only a t  t h e  cold temperature (where maximum tempera- 
t u r e  gradient occurs f r m  rotor t o  care), a method of removing t h e  
hea t  f r o m  t h e  r o t o r  had to be found. * A t  p resent ,  hea t  is conducted 
from rotor through t h e  bearings. Solvers  proposed to  blacken the I I 
tachometer drag cup i n  accordance with MIL-F-495, thereby increas-  
ing t h e  heat  t r a n s f e r  .through rad ia t ion .  S ix  sample servomotors I 
were manufactured w i t h  t he  new dray cup and delivered to K I  f o r  + 
test and evaluation.  i 
, t 
LEAKAGE TESTING PROBLEMS - During manufacture of the Block 
1-100 series of OUA' s , a problem w a s  encountered i n  t h e  use of 
Block I Opt ica l  Bases (PN 1011631) used i n  t h e  earlier AGE. I n  
t h i s  design the  bellows mounting s t u d s  are epoxied i n  t o  form a 
vacuum s e a l .  In-process t e s t i n g  and environmental aondit ioning of 
t h e  u n i t s  necess i t a t e s  t h e  assembly and removal of l eak  test caps 
and bellows. The u n i t s  on these b o l t s  are torqued i n  acmrdance 
w i t h  t h e  requirements spec i f i ed  f o r  assembling t h e  bellows t o  the  
+W OUA i n  t h e  f ield.  Leak t e s t i n g  disclosed t h a t ,  after severa l  of 
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there a ~ s e m b l y  and reraoval cyc l a s ,  minute leaks developed i n  t h e  
s t u d s  , r e q u i r i n g  rework. The Block 1-100 Optical Bares do n o t  
have t h i r  problem because o f  a dec ign  changa inco rpo ra t ing  b l i n d  
hole. f o r  t h e  a tudr .  This  problem wa8 not noticad on  Block I un i t8  
because of t h e  method of l eak  t e u t i n g  and t h e  allmuable laak r a t s .  
These minute leaks were no t  of  s u f f i c i e n t  magnitude t o  cause rejec- 
t i o n  o f  a Block I u n i t ,  but  would be cause  f o r  r e j e c t i o n  of a 
Block 1-100 u n i t  which has  a l e a k  rate 10,000 times lower than a 
Block I u n i t .  
t 
This  problem a l r o  became apparent  i n  t h e  environmental test- 
I i n g  o f  S N  10 OVA a f t e r  r e t r o f i t .  ~ h i r  is  a Block f u n i t  and met 
t h e  Block I laak r a t e  requirements ,  which are incompatibla  w i t h  t h e  
pumping capabilitiw of t h e  vacuum chambars used f o r  thermal  vacuum 
t e s t i n g ,  t h w  p t even t ing  t h e  chamber from read r ing  the requ i red  
level o f  p reesu re .  K I  reques ted  t h a t  the s e a l  l u b r i c a n t  used 
on Block 1-100 u n i t s  be incorpora ted  i n  t h e  Block I r e t r o f i t  u n i t s  
i n  t he  form of a TDRR, T h i s  would help  a l l e v i a t e ,  h u t  not com- 
p l e t e l y  e l i m i n a t e ,  t h a  problem. 
OUA IrY)UNTING TECHNIQUES - Informat ion  wm added to  J D Q  03016 
cover ing  t h e  technique  and tools t o  be used i n  mounting t h e  OUA 
u n i t  t o  t h e  v i b r a t i o n  f i x t u r e .  Thia informat ion  s h a l l  prevent  
damage to t h e  high p r e c i s i o n  ba l l  m u n t s  and main ta in  t h e  repeat -  
a b i l i t y  of the OUA alignments.  
CLARIFICATION OF TMSWAL VACUUM TEST REQUIREMENTS - I n f o m a -  
t i o n  was added t o  JtQ 03017. cover ing  the techn ique  and t o o l s  t o  be 
used i n  mounting the OUA u n i t  t o  t h e  vacuum chamber bulkhead t o  
p reven t  damage to  t h e  ba l l  mounts and mainta in  t h e  r e p e a t a b i l i t y  
of t h e  OUA alignments.  
The '@Procedure1' s e c t i o n  warr r e v i s s d  for c l a r i f i c a t i o n  and a 
specific voltage was added f o x  e x c i t a t i o n  of t h e  QUA dur ing  t h e  
test and shutdown o f  test equipment between runs.  The "Profile 
Char t"  war revicled for clearer d e f i n i t i o n  of t h e  pumpdawn phase,  
test  run s t a r t i n g  requirements ,  and t h e  d u r a t i o n  of test. 
Technica l  Directives TDK-60 ?rND TDK-92 ~ ~ u t h o r i z e d  t h e  per- 1 
t fonnancc of thermal  ana ly re s  o f  t h e  OUA and Map Qata V i e w e r  (MDV) i 
to determine tempera ture  cond i t i ons  of selected crit ical elements 
for: hot and cold arbits. Both the f i n a l  MDV thermal  a n a l y s i s  re- 
port and t h e  OUA thermal  a n a l y s i s  f i n a l  report were isaued,  there- i I 
by completing t h e  f i n a l  ef f art. a i 
Technica l  D i  r e c t i v e  TDK-61 au tho r i zed  mechanical i n t e g r i t y  
tests of t h e  AGE 2 OUA. S p e c i f i c a l l y ,  the work cons i s t ed  of 1 p r e p a r a t i o n  of a test plan,  des ign  and f a b r i c a t i o n  of test  f i x -  
t u r e s ,  performance of tests and r eco rd ing  of a n a l y s i s  of data. 
a Following the tests specified below, a f i n a l  report was i s sued ,  
1 t h u s  completing the  au tho r i zed  effort. 
KOLLSMAN INSTRUMENT CORPORATION 
Vibration overs t ror r  taut. were begun. I n i t i a l  exposure t o  
t h e  125 percent  l e v e l  gave rise t o  repeated impact within t h e  OUA. 
Thir  p r o b l m  has bean invamtigated and SXT and SCT s h a f t  axoa 
bear ing p te loadr  wore as tabli8h.d a t  120 pound8 each. 
S inuro ida l  v ib r a t i on  t e r t i n g  war parfonned a t  4 5  cpr, and a t  
increasing leva la  up t o  a 69 peak. A t  t h i s  l eve l ,  rapeated impact 
was ovident. Tho Be l l ev i l l o  warhers were then f l a t t ened ,  and t h e  
test was repeated. N o  impact occurrad f o r  levola up to a peak o f  
8g'a. I t  war concluded t h a t  t h e  OUA had not  been secured properly,  
and t h a t  t h e  B e l l a v i l l e  warhers ware being comproraed. The re- 
mainder of the overstress t o s t s  (random v ib ra t ion)  war. conducted 
with  f l a t t e n e d  B e l l e v i l l e  warherr . 
A fu1.l P T M  waa performed p r i o r  t o  t h o  r t a r t  of t h e  125 per- 
cen t  l e v e l  tsrtr.  Vibrat ion tsrtr wera aondwtod along t h e  three 
(3) C/M we.. An E T M  performad following the80 tasts  showed no 
degradation of t h e  asmembly. However, a a l i g h t  ahhfft i n  t h e  op t i -  
c a l  ax is  alignment ( 2  secondr of arc) war measured. 
Vibrat ion t e s t a  were conducted a t  t h e  150 percent  l e v e l  along 
t h e  t h r ee  C/M ax-. T e s t s  were completed along t h e  X,, and Y, 
axee with no apparent malfuncticsns. Immediately a f t e r  t h e  . t a r t  
o f  2 v ib ra t ion ,  f a i l u r e  o c c u r n d  on the four  (4)  shoulder posts, 
PN 18!!1323 (support f o r  the Flexpr in t  connector i n  t h e  SXT head). 
The t e a t  w a s  completed without making a repair. An F T M  performed 
following there tests showed an o p t i c a l  ax ia  alignment e h i f t  of 
two ( 2 )  soconds of arc.  No o t h e r  degradation i n  performance of 
t h e  u n i t  occurred, except for l o s s  i n  electrical cont inui ty  i n  t h e  
Flexprint .  This wa.8 a t t r i b u t e d  t o  the f a i l u r a  of t h e  posts .  The 
Flexprint  w a s  reworked by r w o l d e r i n g  t h e  connector8 to t h e i r  re- 
spec t ive  leads and repot t ing  with a aonformal coating. The po8ts 
were replaced,  
Test ing wao perfomed a t  t h e  175 percent  l e v e l  along the  X, 
ax i s .  Degradation i n  porformance was noted, s i n c e  there w a s  no 
gear d r i ve  t o  the  SXT Indax Mirror. ~ n v e s t i g a t i o n  of  t h i s  problem 
showed t h a t  approximately f i v e  (5) teeth of gear,  PN 1011346, had 
been atri?ped. Since t h i s  gear is used over only one-quarter of  
its circumference, t h e  r e p a i r  w a s  performed by repos i t ion ing  t h e  
gear  on t h e  asrsembly. Tes t ing  was oantinued along the Y a  and Zm 
axes of t h e  CjM. An mM following these tests showed no addi t iona l  
degradation i n  performance o f  t h e  u n i t ,  except for t h e  s h i f t  of an 
o p t i c a l  a x i s  alignment of about two (2) second8 of arch 
The oxygen overpressure t e a t  w a s  completed. The QUA func- 
tioned properly dur ing exposure t o  t h i s  environment. The ex- 
plosion test w a s  completed. The OUA functionad properly during 
exposure to this environment. 
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The ea r th l and ing  shock test wa8 completed. After t h i s  t e a t ,  
t h e  fo l lowing d i sc repanc ies  were noted : 
(1) SXT Telescope Tubs, PN 1011293, w a s  broken i n t o  
t w o  p i eces .  
( 2 )  Black p a s t y  r e s i d u e  had accumulated a t  t h e  i n t e r -  
facer o f  t h e  Sex tan t  r h a f t  bea r ing  r e t a i n e r ,  
PN 1011316, and t h e  i n n e r  race of t h e  bear ing ,  
I PN 1011607-2. 
I 
'C 
(3)  The glass envelope o f  one o f  t h e  Sex tan t  reticle 
lamps, PN MS 24 367, was broken. 
Each of t h e  above d i sc repanc i e s  was considered to  be unim- 
p o r t a n t  inasmuch as crew a a f e t y ,  t h e  on ly  requirement f o r  t h e  
ea r th l and ing  shock test ,  w a s  n o t  a f f e c t e d .  
The f i n a l  rrtport wau i s sued  by 30 June  1965, thus  completing 
t h e  au tho r i zed  ef f art.  
Technica l  D i r e c t i v e  TDK-83 au thor ized  des ign  e v a l u a t i o n  test- 
ing of t h e  AGE 1 OUA which inc luded thermal vacuum and humidity 
exposure. Fcllirwing t h e  tests s p e c i f i e d  below, a f i n a l  r e p o r t  was 
i esued ,  t h u s  mmple t ing  the au thor ized  e f f o r t .  
The OUA w a s  prepared f o r  f u r t h e r  thermal  vacuum. t e s t i n g .  The 
SXT reticle was r ep l aced  and clamped wi th  1 5  ounce-inches o f  t o rque  
s q u a l l y  app l ied  t o  t h e  t h r e e  (3) clamping screwr, i n  accordance 
w i t h  t h e  approved Assembly T e s t  P r a c e d u r ~ .  N e w  covers for t h e  SXT 
and SCT were ob ta ined  and p a i n t e d  i n  t h e  manner o u t l i n e d  and wi th  
t h e  materials specified i n  Figure 3-3 o f  t h a  Command Module 
Q u a r t e r l y  Technica l  Progress  Report, N o .  10. The SXT s h a f t  a x i s  
bear ings  were preloaded t o  75 pounds, i n  accardance wi th  t h e  l a t a e t  
Assembly T e s t  procedure.  Thermocouples were mounted a t  locaf ion% 
aersigned by MITlOITL. 
Eva lua t ion  of t h e  SCT was performed by MIT/IL personnel  a t  
K I  , w i t h  KIC a s s i s t a n c e .  Continued investigation of t h e  SXT 
e r r o r  waa performed by MITJIL personnel  a t  K I  , with  K I  a s s i s t a n c e .  
I n t e r m i t t e n t  cyc l ing  o f  t h e  OUA under nominal thermal  vacuum 
cond i t i ons  and t y p i c a l  o p e r a t i n g  cond i t i ons  waa begun. The f i r s t  
t e n  (10) days o f  the 30 day c y c l e  was completed. Evaluat ion  of 
the data shows SXT angula r  measurements (electrical versus  o p t i c a l )  
I t o  be w i t h i n  32 seconds of arc. I n  gene ra l ,  o p e r a t i o n  of t h e  u n i t  
( was satisfactory. 
UI 
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1. Completed i n t e n n i t t e n t  cyc l ing  t a r t  - t h e  u n i t  
functioned r a t i r f a c t o r i l y  . 
2. Leakage ter t  - no mouurab lo  l e a k  rate was 
determined. 
3. Ground temperature t o r t  - t h e  u n i t  functioned 
r a t i r f a c t o r i l y  . 
4 ,  Thannal vacuum o v e r r t r e r r  ter t  - the u n i t  
funct ionad rrtir  f a c t o r i l y  . 
5. Humidity t e r t  - formation of a cor ro r ive - l ika  
rubatance w u  obrerved on t h e  beryl l ium (Be)  
r u r f  ace. of t h e  Optiaal Baao. Chomical a n a l y r i r  
of t h i a  mabrtance w u  being performed. 
4.5 ENGINEERING - PERIOD ENDING 31 DECEMBER 1966 
4.5.1 Command Module Engineering 
$ The following Block I I OUA'O were completed. I n  addi-t ion, a 
Block 1-50 retrofit w u  acoomplimhed and a Block I1 SXT Poad 
Aa8.nrbly (MIT/IL) eva lua t ion  w u  completed: 
I : 2. AGE 1 2 4  I 
v 
2. AGE 12 ,  S/N 11 
I 3 AGE 201 S / N  012 I I 4 s  AGE 262, S/N 013 1. I I 50 AGE 1-201 S/N 014 i li 
6.  AGE 203 S/N 015 
7. AGE 204 S / N  016 
I 8. AGE 205 S / N  017 
9. AGE 206 S/N 018 
10. AGE 208 S / N  020 
I 
11. SXT Head A#s.mbly S/N 040 
I 
The major part of Engineering 's  effort  dur ing thkr period wm 
& 
spent  on vendor and in-houae t e c h n i c a l  problems. A t  t h i a  p o i n t  i n  
f w  time, enough engineering and nanuf a c t u r i n g  experience had bean gained so t h a t  time could more g a i n f u l l y  be spen t  on so lv ing  t h e  
S 
'd more subtle and design relatid problalu. The fol lowing is a review 
a of t h i s  ac t ion.  4-77 
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4 ,f,. 2 OUA Components and Subarsembly Performar~ce 
4.5. 'i.1 So lvs re  Motorr 
Kol l~man,  per TDRR 30916, performed a l l  s p a c i a l  condi t ioning 
(thermal vacuum) tests on Solvere  ~ o t o r s  p r i o r  t o  f i n a l  acceptance. 
To i n s u r e  proper  opera t ion  dur ing  t h e r e  ter t r ,  So lvere  incorporated 
a .004 minimum end play (in-hour.) r p e c i f  i c a t i o n ,  r i n c s  previous 
data ind ica t ed  unit. w i t h  lower e ~ d  play became marginal. 
As a r e a u l t  of f a i l u r e s  experienced i n  t h e  q u a l i f i c a t i o n  
system (OUA 1 2 4 )  s eve ra l  meetings were held  a t  AC Elec t ron ics  on 
f a i l u r e  a n a l y s i s  wi th  K f ,  and Sohvere perronnel  i n  attendance.  One 
of t h e  a rea8  of i n v e s t i g a t i o n ,  and r e r u l e s  of there s t u d i e s  a r e  
presented i n  t h e  folLowing paragrapkr.  
Au a r m u l t  of t h e  s p e e i a l  aondi t ion inq  t e a t s  performed by K I ,  
t h e  maximum temperature of t h e  gena r s to r  output  winding was found 
t o  exceed t h e  s p e c i f  iad va lue  by approximately t e n  degrees . A za- 
quest war forwarded to MIT/IL to lower t h e  c o n t r o l  thermocouple 
temperature to 140°F from 150°F thereby  lowering t h e  maximum 
genera tor  temperature.  The graph i n  Figure  4-7 i n d i c a t e s  tempera- 
t u r e  on the r igh t  a r e  c a l c u l a t e d  from the measurad r e s i s t a n c e  
values  on t h e  laf t ,  using t h e  fol lowing formula. 
R, = Measure r e a i a t a n c e  (ho t )  ohms 
Ro - Measure resistance (ambient tamp.) ohms 
To + Ambient T a p .  O C  
Th = Temperature rise O C  
T is t h e n  corrected t,o O F  and added t o  t h e  ambient tempera- 
t u r e  iR OF. 
A t  t h e  suggesVlon of Solvere ,  t h e  drag cup was dyed black t o  
meet t h e  new requirements presented by Kollsman engineering.  C a b  
c u l a t i o n s  l ead ing  to t h i a  suggest$on are presented i n  Table 4-9. 
Figure 4-7. Solvere Motor Thermal Vacuum T e s t  
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TABLE 4-9 
CALCULATION OF RADIATED HEAT TRANSFER 
FROM mTOR TO STATOR 
Parameterr  t 
Motor Sta tor :  Temperature 
Motor Rotor Temperature 
Motor Rotor Emf sr i v i t y  Conr t a n t  (443 
Motor Rotor Area 
Drag Cup Temperature 
Drag Cup Emiss iv i ty  Conatant 
Drag Cup Area 
Dyed Drag Cup Emias iv i ty  Constant 
Outer S t a t o r  Temperature 
Inner  S t a t o r  Temperature 




0.47 i n 2  
l0O0C 
0.66 





*a Power t r a n s f e r r e d  to  motor stator: 
d 
- (0.3)  (3.68) (3734 - ~ 8 3 ~ )  10 -I1 (0.47 1 0.067 watts 
Power t r a n s f e r r e d  to outer stator m 0.859 watts I 
I Power t r a n s f e r r e d  to inne r  stator ,..' \ . m 0.781 watts -
T o t a l  pawer t r a n s f e r  
I 
1.707 watts 
Power t r a n s f e r r e d  v ia  d r a g  cup - 1.640 watts 
To d i s s i p a t e  1.640 w a t t s  u s ing  e 0.87, a new d r a g  cup 
tempera ture  w a s  found which s a t i s f i e d  t h e  power t r a n s f e r  equa t ions .  
Th i s  value w a s  78O C, showing t h o  rotor-s t a to t  temperature g r a d i e n t  
t o  be 22OC less i f  the d r a g  cup were dyed b lack .  Note also t h a t  
95 p e r c e n t  o f  t h e  h e a t  t r a n s f e r  war, from tho drag cup. 
I 
S o l v e r e  exper ienced an increase i n  s t a r t ing  voltage f a i l u r e s ,  
due t o  the rotors which ware purchased from Chase Electron%c=.  
New York. Kollsman Engineer ing and R e l i a b i l i t y  v i ~ i t a d  th4 ador 
to verify t h e  manufacture and processing o f  t h e  rotors. i * i y 2  % $ +  ticga- 
t i o n  a t  So lve re  r evea l ed  t h a t  du r ing  t h e  machining o f  the u-dtor  
I . D . ,  t h e  l amina t ion  d i d  not clean up. An i n t e r n a l  dimensional  
change w a s  made t o  ensure proprsr clean o f  t h e  s tator  I . D .  
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'bd MOTOR TACHOMETER RECYCLING - On 11 November 1966, AC K-D2353 
cirected .the c e m a t i o n  o f  production a c k i v i t i e s  on AGE 207 and AGE 
209. The d i r a c t i v e  also l i m i t a d  a c t i v i t y  on  u n i t s  following those 
por t ions  of t h e  OUA not  m r o c i a t e d  w i t h  motors. 
A j o i n t  meeting of Kollsman, AC and Solvere  was he ld  dur ing 
Novsmber 1966, t o  disassemble e igh t  motor tachometers. 
Visual and photographic in spec t ion  revealed a high degree of 
manufacturing Control and Q u a l i t y  Control .  Contaminat ion  wae found 
t o  be t h e  r e s u l t  of t h e  disassembly process,  Kollsman and AC m e t  
f o r  a bear ing a n a l y s i r  a t  the vendor 's  (NHBB) faci l i t ies  December 
1966, 
The baa i c  Motor tachometer prob lam was inadequate l u b r i c a t i o n  
q u a n t i t y  of l u b r i c a n t .  KoZlsman provided t h e  bear ing l u b r i c a t i o n  
procedure. Kollsman a l s o  provided deta i l  procedures for  disassembly, 
c leaning and asaembly of motor tachometers recycled t o  Solvere.  End 
play  s e t t i n g s  procedure was recommended. Kollsman provided and per- 
formed a review of the telescope assembly as w e l l  as o t h e r s  to 
determine poasible elements con t r ibu t ing  t o  motor-tachometers 
s t i c t i o n .  Reference report AE-66-028, 
T o  f u r t h e r  expedi te  t h e  motor recyc l ing  , t h r e e  Kollsman 
personnel were asaigned t o  Solvere on a fu l l - t ime  reaidence basis. 
* b 
4.5.2.2 Reaolve'rs 
1 X  RECEIVER - C l i f t o n  P rec i s ion  experienced a high percentage 
o f  rejects after t h e  temperature cyc l ing  procedure. A change t o  
PS lor2157 was submitted to MIT/IL t o  g i v a  r e l i e f  i n  t h e  area of 
high r e j e c t i o n  rate. Thio change increased t h e  maximum allowable 
error to 2.5 minutes and added a peak-to-peak error requirement o f  
3.5 minutee which was i n  accordance w i t h  the new OUA t e a t  pro- 
cedures. 
1 
64X RESOLVER ERRORS - It w a s  noted t h a t  the peak-to-peak I 1 
errors on the 64X Resolver at  t h e  2012736 l e v e l  of assembly ex- d E 
ceeded t h e  allowable s p e c i f i c a t i o n .  The u n i t s  were wi th in  the 1 
f i n a l  sell-of f s p e c i f i c a t i o n .  S ince  a high percentage of 64X i 
Resolvers purchased were a t  or near  the maximum allowable tolerance I i (10 sec. p-p equiva len t  to 20 sec. p-p LOS) , a s tudy of r e so lve r  
errors ve r sus  SXT TDA errors w a s  perfoxmed. Tables 4-10 and 4-11 I 
show t h e  peak-to-peak data for each Resolver manufacturer. Figure L 
4-8 shows the TDA errors and r e s o l v e r  errors plotted for OUA 200, 1 
201 and 203. ~xcap't for a bias error (to be expected) it appeared 1 
that t h e  harmonic content  of the error curves repeated s a t i s f a c t o r i l y  , 
i n d i c a t i n g  no changes i n  t he  r e so lve r s .  I n  addi t ion ,  comparison of 
KI f i n a l  d a t a  on OUA 205 and t e a t s  performed a t  AC on OVA 205 indi-  
c a t e d  t h e  same t y p e  of r e p e a t a b i l i t y .  Checks of in-process data f I I 
tclur 
show t h a t  t h e  peak errors always occur a t  t h e  same p o i n t s  0 f u r t h e r  
s u b s t a n t i a t i n g  the i n t e g r i t y  of t h e  resolvers. I 
t '  
4- 81 % , 
- 1 1 1  
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TABLE 4-10 
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4. 1- 
--.- - OUA 200 - -- - - 4 / ~  I003 CI 
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8 
Figure 4-8. TDA Va. 6UX Resolver Accuracy 
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4.5.2,3 Eyapiscea (SCP and SXT) 
DESIGN - Seve ra l  a i g n i f i c a n t  changes were made on  t h e  SXT and 
SCT ayepieea dur ing  t h e  r epo r t i ng  period.  
The f i xed  focus  SCT eyepiece ,  PN 2012693, was replaced with an 
a d j u s t a b l a  eyepiece,  PN 2012719. To avoid a schedule  impact, modi- 
f i c a t i o n  o f  t h e  SCT LER des ign  allowed common use  o f  c a a t i n g ,  
PN 2012670, and i n s u l a t i n g  b l anke t ,  PN 2012724 and PN 2012715, f o r  
I both  PN 2012719 and P N  2012691, 
Modif ica t ion  of  the Prism Housing Assembly, PN 2012667 assured 
i n t e r c h a n g e a b i l i t y  o f  t h i s  assembly as a module. The o r i g i n a l  
des ign  m n c a p t  r equ i r ed  OUA adjustments  to  accomplish f i e l d  retro- 
f i t .  I t  war expected t h a t  t h e s e  modi f ica t ions  were incorpora ted  
w i t h  no impact on t h e  o r i g i n a l  r chedule  s a t  f o r  i n - l i n e  and retro- 
. f i t  ac t iv i t ies .  ERP 108 was updated t o  inc lude  t h e s e  modi f ica t ions .  
t 
A special p rov i s ion  had t o  b e  made f o r  Block 1-50 i n  t h e  form 
o f  a modified P/N 2012667 r e l e a s e d  as a new assembly, P/N 1013010. 
T h i s  new assembly may be  ueed i n  Block 1-100 and Block I1 u n i t s  
with shim, PN 1013015 a t t ached .  For use  on Block 1-50 u n i t s  t h e  new 
conf igu ra t i on  a h a l l  be  aasemblad wi thou t  shim PN 1013015 and i n  ac- 
cordance wi th  s p e c i a l  f i e l d  i n s t ruc t i ons  . Figure 4-9 i l lus t ra tes  
t h e  a p p l i c a t i o n  of these assemblies to u n i t s  i n  t h e  f i e l d .  The 
s i z e  o f  space r ,  PN 2012712-2 or  PN 1013014 is determined from t h e  
f i e l d  measurement desc r ibed  i n  paragraph 3.2.13.6. Spacers  PN 
2012750 and PN 1013015 are set u i n  product ion  to  provide t h e  Prism P Housing A i r  Equivalent  o f  3.835 -0.003 inches.  
A change i n  t h e  main housing o f  t h e  SCT Long Eye R e l i e f ,  (LER) 
P/N 2012691 became necessary t o  assure t h a t  a l l  u n i t s  would meet 
s p e c i f i c a t i o n ,  r e g a r d l e s s  of  tolezance accumulation. 
1 
PROCUREMENT - End item procurement philosophy was f i n a l i z e d  
t o  r e f l e c t  t h e  fo l lowing end i t e m  conf i g u r a t  ion8 : 
2012699 - SXT Mirror Housing and A i r  Focus Shim Assembly 
2012700 - SXT Standard Eyepiece 
2012667 - SCT Prism 140u8ing and I n s u l a t i o n  Assembly (Block 
1-100 and Block 11) 
1013010 - SCT Prism Housing and I n s u l a t i o n  Assembly 
(Block 1-50) 
I 2012719 - SCT Standard Eyepiece (Adj .) 
2012691 - SCT Long Eye Re l ie f  Eyepiece 
2012748 - SXT Long Eye Re l ie f    ye piece 
2011000 - OUA (wi thout  eyepieces)  
I 
1011000 - OUA (without  eyepieces)  
-- -- r -- - - 
-- 
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Figure  4-9. OUA Eyepiece (Sheet 2 of 3) 
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I Tho previoue rdrmo, al though n o t  f i n a l h o d ,  d id  not inc lude  
p rov i s ions  for 2012700 and 1013010. S o a  Figure  4-10 f o r  i l l u r t r a -  
t i o n  of con f igu ra t i ons  . 
MANUFACTURING - Enginearing changor , erpeci a l l y  new relea888 
reduced t h e  lead t i m e  to  a minimum although no r c h d u l e  s l i p p a g e  
occurred,  
TESTING - Optical Uni t  AGE 102, wan r u p p i i d  a8 a test v e h i c l e  
f o r  eyepieces i n  accordance wi th  A p a l l o  Memorandum Ap-M-12383. The 
I o r i g i n a l  rcheme f o r  t e s t i n g  was revised to  inco rpo ra t e  t h e  O p t i c a l  Unit i n  l i e u  of test equipment which war not  a v a i l a b l e  du r ing  t h i s  
r epo r t i ng  period. 
FAILURES - A r i n q l e  electrical f a i l u r e  took place i n  Seotember 
1966, (FR9873) i n  which an  eyepiece cable broke w a y  a t  t h e  eyepiece 
s o l d e r  j o i n t .  Upon atudy of t h e  asrembly, the c u r r e n t  method of 
s t r a i n  relief was adjudqed t o  be inadequate.  A l ayou t  was genera ted  
f o r  a technique  of s t r a i n  relief which was applied i n  t h e  f i e l d  and 
involved no factory a l t e r a t i o n  to e x i s t i n g  hardware. 
A rteel w i r e ,  s l i g h t l y  rhorter than  t h e  e l e c t r i c a l  conductora 
runs p a r a l l e l  to  t h e  conductom. The w i r e  i r  f i rmly  anchored t o  
t h e  c a b l e  connector  a t  one  enu,  and t o  the  eyepiece h o m i n g  a t  t h e  
o t h e r  end, by means of wraparound clamps. 
w 
A s s e m b l y  number 2012700, S N  2002, war re tu rned  from t h e  f i e l d .  
Focus adjustment  w a s  no t  a t t a i n a b l e  due to  a jammed arrembly. 
Analysis  a t  K I  i n d i c a t e d  damage to Key number 2012882 and s l i g h t  
g a l l i n g  of adjus tment  thread. The probable cause  w a s  misassembly 
i n  t h e  f ie ld .  The a i r  focus s h i m  may have been reversed ,  e l i m i n a t i n g  
necessary Key c l e a r a n c e  w h i c h  led to  subsequent jamming, A c a u t i o n  
note  WM added t o  ADP' a concerning t h i s  assembly. I 
4.5.2.4 Connectors 
P#)BLEM - An i n v e s t i q a t i o n  w a s  i n i t i a t e d  by Kollsman, follow- i 
ing a f a i l u r e  report i n d i c a t i n g  g r o w i n g  of OUA bulkhead w n n e c t o r s ,  1 "; 
gold f l a k i n g  caus ing contaminat ion of t h e  connector  i n t e r f a c e ,  and i 
I f a i l u r e s  on t h e  Funct ional  Tester cables a t t r i b u t a b l e  t o  exces s ive  , 
wear o n  the aluminum cmupling r i n q ,  caused by t h e  scored steel balls ,  t 1 
I 1  
INVESTIGATION RESULTS - I n v e s t i g a t i o n  and examination of failed I 
connectors  by Engineering and Rel iabi l i ty  i n d i c a t e d  t h a t  t h e  groov- 
ing of t h e  s h e l l  and t h e  gold f l a k i n g  aontamination of connector  
! 
t 
i n t e r f a c e  w e r e  caused by c o n s t a n t  mating and unmating of oannectors  I 1 ' during test cycles. 1 
\ 
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R e p r e s e n t a t i v e s  o f  K I  Enq inee r inq  and R e l i a k i  l i t y  and AC 
E l e c t r o n i c s  component p a r t s  g roup  m e t  a t  a e u t s c h  E l e c t r o n i c  Com- 
ponen t s  D i v i s i o n ,  Banninq,  C a l i f o r n i a ,  o n  1 2  and 13  May 1966 ,  t o  
d i s c u s s  t h e  a fo remen t ioned  problems.  
I T h e  f o l l o w i n g  items were d i s c u s s e d :  
Grooves o n  s h e l l  due t o  steel b a l l s  o n  mating p l u q  
Removal o f  g o l d  p l a t i n g  on  p i n s  
B u i l d i n g  o f  e x c e s s i v e  g o l d  f i l l i n g s  upon i n t e r f a c e ,  
c r e a t i n g  p o s s i b l e  s h o r t i n g  p a t h  
Ruptured s h e l l  l i n e r  
B u r r s  a round  d e t e n t  h o l e s  
Rough and i r r e g u l a r  i n t e r i o r  of s o c k e t  c o n t o u r s  
I r r e g u l a r  o r  h i g h  spots on  w a l l  o f  s h e l l  l i n e r  
Cracked p l a s t i c  i n s e r t  o f  Base Harness  Pluq.  
As r e s u l t  o f  t h i s  d i s c u s s i o n ,  a t e s t  p l a n  was fo rmula t ed  by 
which a  f a i l u r e  a n a l y s i s  was conduc ted  by Deutsch R e l i a b i l i t y  Group 
o n  each o f  t h e  i t e m s  l i s t e d .  
An EKP w a s  s u b m i t t e d  t o  AC E l e c t r o n i c s  f o r  t h e  d e s i g n  and  
manufac tu re  o f  s h o r t  a d a p t e r  cables ( 6  i n c h e s  l o n g )  . These  c a b l e s  
were a t t a c h e d  t o  t h e  OUA bulkhead c o n n e c t o r s .  '?hey remained on  
t h e  OUA d u r i n g  t h e  p r o d u c t i o n  t e s t  c y c l e ,  t h u s  a v o i d i n s  g roov ing  
and  g o l d  f l a k i n g  con tamina t  i o n  o f  c o n n e c t o r  i n t e r f a c e .  
Kollsman E n g i n e e r i n g  i n v e s t i g a t e d  the d i f f i c u l t i e s  of  bondinq 
t o  T e f l o n  ( w i r e ?  i n s u l a t i o n ) .  A r e p o r t  o f  test r e s u l t s  was pre- 
p a r e d  which r e f l e c t e d  a n  i n c r e a s e  i n  h o l d i n g  pawer of  t w o  times w i t h  
t h e  a p p l i c a t i o n  o f  a new p r i m e r  P/N 1010900. The r e s u l t s  of t h e s e  
p u l l  tests axe  shown i n  F i g u r e  4 - 1 1 .  
I 4 . 5 . 2 . 5  F l e x p r i n t s  
PFOBLEM -- F l e x p r i n t  pa r t s  (PN 1012519 and PN 1012520) a t  K I  
w e r e  a t  a low l e v e l  c o n t i n u a l l y  d u e  t o  a  h i q h  r e j e c t i o n  r a t e  based  
upon i n s p e c t i o n  rejects . A l l  accepted f l e x p r i n t s  r e q u i r e d  MRB 
a c t i o n  w i t h  r e s u l t i n g  " U s e  as i s"  d i s p o s i t i o n .  
I The  major  r e a s o n s  f o r  t h e  rejeccs were: 
1. Contaminat  i o n  between f  l e x p r i n t  l a y e r s  
2 .  U n d e r c u t t i n g ,  p i n h o l e s ,  s c r a t c h e s  and  n i c k s  o n  c o n d u c t o r s  
3 .  Nonadherance s f  p o t t i n g  t o  FEP ( T e f l o n )  i n s u l a t i n g  
m a t e r i a l .  
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TEST SPECIMENS - ( 2 ) 
\ 
ETCHED 8 PRIMED ( 2 0 )  
10-WITH 1012513 PRIMER 




sRTV 881 CLAMPING 
POTT l NCJ PLATE 
COMPOUND 
AVG. TEST 
WIRE # PE;MER # READING LBS 
lOl0789 -001 (24 AWG) 1010900 
1010789- 001 1012513 
;i)10416- 10 ( 2 8  AWG) 1010900 
1010416 - 10 1012513 
Figure 4-11. Primer Pull T e s t  
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APPROACH TO SOLUTION - I n  o r d e r  t o  c o r r e c t  t h i s  s i t u a t i o n ,  KI 
had t a k e n  t h e  f o l l o w i n q  s t e p s :  
1. Study o f  manufac tu r ing  o p e r a t i o n s ,  and s u g g e s t i o n s  
t o  vendors  how to  improve methods.  
2 .  Development o f  d e t a i l e d  v i s u a l  i n s p e c t i o n  c r i t e r i a  
by K I  E n q i n e e r i n q ,  R e l i a b i l i t y  and QC. These  c r i t e r 4 . a  
were t h e n  s u b m i t t e d  t o  t h e  vendors  f o r  wmment and 
app rova  1 . 
3. Review o f  Kollsman I n s p e c t i o n  p rocedures  t o  a s s u r e  
t h a t  q u a l i t y  i s  a t  t h a  r e q u i r e d  h i g h  l e v e l ,  and t o  
e l i m i n a t e  t h e  p o s s i b i l i t y  o f  undue rejects ,  due  t o  
m i s i n t e r p r e t a t i o n  o f  t h e  w r i t  t e n  p r o c e d u r e s .  
4 .  F requen t  v i s i t s  t o  t h e  vendors  by r e p r e n e r ~ t a t i v e s  o f  
K I  E n g i n e e r i n g ,  R e l i a b i l i t y ,  QC and P u r c h a s i n s  , as 
r e q u i r e d ,  t o  r e s o l v e  any d i f f e r e n c e s  and t o  l e n d  
t e c h n i c a l  s u p p o r t  t o  improve t h e  f i n i s h e d  p r o d u c t .  
5. Survey and e v a l u a t i o n  o f  o t h e r  vendor s  i n  a n  a t t e m p t  
t o  d e v e l o p  a d d i t i o n a l  and s u p e r i o r  s o u r c e s .  
ACTION 
1. V i s i t s  w e r e  made t o  F l e x i b l e  C i r c u i t s ,  I n c .  , If atboro , 
P e n n s y l v a n i a ,  and Sande r s  Associates, Nashua , N e w  
Hampshire,  t o  d i s c u s s  t h e  o v e r a l l  p rab lem,  o b s e r v e  
and r ev i ew t h e i r  manufac tu r ing  and i n s p e c t i o n  pro- 
c e d u r e s  and d e v e l o p  more d e f i n i t i v e  v i s u a l  i n s p e c t i o n  
c r i t e r i a .  
2 .  K I  i n v e s t i g a t e d  s e v e r a l  a r e a s ,  and s u b m i t t e d  sugges-  
t i o n s  f o r  changes i n  t h e  c l e a n i n g ,  e t c h i n q  and 
p o t t i n q  p r o c e d u r e s .  These  recommendations w e r e  
a c c e p t e d  by b o t h  vendors  and were implemented. 
3. The humid i ty  r e q u i r e m e n t s  were removed from b o t h  
S C D ' s  (TDRR 27259 and 27260) . AJ-though t h e  f l e x -  
p r i n t s  f a i l e d  t h e  humid i ty  poxtior? o f  t h e i r  q u a l i f  i- 
c a t i o n  tes t s ,  t h e y  are n o t  s u b j e c t  t o  such  ex t r emes  
i'n a c t u a l  u s e .  
4 .  K I  d eve loped  and e v a l u a t e d  a p u l l  t e s t  t o  check 
p o t t i n g  adherence .  T h i s  p u l l  t es t  was a c c e p t e d  by 
b o t h  vendor s ,  and t h e  p r o c e s s  w a s  added t o  t h e  
purch ase orders . The f o l  bowing pa rag raphs  d i s c u s s  
t h e  c a l c u l a t i o n s  o f  f o r c e  on c o n n e c t o r s  and descrip- 
t i o n  of p u l l  tes t  s e t u p .  
5. KI deve loped  a  q r o u p  o f  v i s u a l  i n s p e c t i o n  c r i t e r i a  
that were s a t i s f  actow t o  E n g i n e e r i n g ,  R e . l i a b i 1 i . t ~  
and QC. 'These w e r e  s u b m i t t e d  t o  t h e  vendors  for  
r ev i ew and comment. 
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6 .  K I  e s t a b l i s h e d  a  p rocedure  whereby K I  i n s p e c t o r s  
s o u r c e - i n s p e c t e d  t h e  f  l e x p r i n t s  a f t e r  s o l d e r i n g  
and  a f t e r  p o t t i n g .  T h i s  is t o  v e r i f y  t h a t  i n -  
p r o c e s s  manufac tu r ing  p r o v i d e s  a s a t i s  f a c t o r y  
p r o d u c t  f o r  end u s e ,  P r e v i o u s l y ,  t h e s e  p a r t s  were 
f u l l y  comple ted ,  t h e n  i n s p e c t e d  and i n v a r i a b l y  re- 
j ected due t o  i n - p r o c e s s  workmanship. T h i s  r e v i s e d  
i n s p e c t i o n  p r o c e d u r e  c a l l e d  o u t  t h o s e  u n i t s  t h a t  
i n d i  c a t s d  s u b s t a n d a r d  workmanship, e a r l y  i n  pro- 
d u c t i o n  t o  a v o i d  a d d i t i o n a l  e f f o r t .  
RESULTS - The e f f o r t  ment ioned i n  t h e  above p a r a g r a p h s  
r e s u l t e d  i n  improved workmanship and q u a l i t y  o f  r e c e n t  f l e x p r i n t s  
reviewed a t  K I  and i n  work a t  t h e  vendor s .  Contamina t ion  between 
FEP l a y e r s  was r educed  i n  number and s i z e  whereby f o r e i g n  p a r t i c l e s  
may n o t  ' b r i d g e  c o n d u c t o r s .  A l s o ,  d i g s ,  s c r a t c h e s ,  and n i c k s  i n  or  
around c o n d u c t o r s  o r  i n s u l a t i o n  were reduced  t o  a  minimum and under-  
c u t t i n g  o f  c o n d u c t o r s  o r  p i n h o l e s  i n  c o n d u c t o r s  due  t c l  e t c h i n g  
were s u b s t a n t i a l l y  d e c r e a s e d  and h e l d  t o  a n  a c c e p t a b l e  l e v e l  neces -  
s a r y  f o r  OUA use .  
PULL TEST 
K I  r e q u e s t e d  t h a t  c u r r e n t  f i e x p r i n t  vendors  per form a p u l l  
t e s t  between c o n n e c t o r  and r i b b o n .  T h i s  test  s h o u l d  v e r i f y  
- p o t t i n g  a d h e r e n c e  f o r  improved r e l i a b i l i t y  and q u a l i t y .  K I  f l e x -  
p r i n t  vendor s  i n d i c a t e d  c o n c e r n  i n  mee t ing  t h i s  p u l l  t e s t .  
Herewi th  is a rev iew o f  t h e  l o a d s  OUA f l e x p r i n t s  may en-  
c o u n t e r  b a s e d  on  v i b r a t i o n  r e q u i r e m e n t s  i n  PS. 2016206. 
Pa rag raph  3.3.2 o f  PS 2014206 f o r  t h e  OUA s ta tes  v i b r a t i o n  i n  
each  a x i s  s h a l l  be as  f o l l o w s :  
L 
" .0054g- 4 CPS a t  20 c p s  i n c r e a s i n g  t o  .O2g- cpa a t  70  cps  and  - 
a t  c o n s t a n t  t o  1000 cps .  Then,  decrease t o  .004g- CPS 
I 200 cps  w i t h  a -3db l i m i t  ( f o r  t h e  e n t i r e  p r o f i l e )  ."  I G r a p h i c a l l y ,  t h e  v i b r a t i o n  p r o f i l e  a p p e a r s  i n  F i g u r e  4-12. 
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C P S  
F i g u r e  4-12.  V i b r a t i o n  P r o f i l e  
Conver t ing t h e  energy under t h e  e n t i r e  c u x e  i n t o  g r a v i t a -  
t i o n a l  u n i t s  p r o v i d e s  a maximum f o r c e  o f  approximately  5-11292. 
T h i s  is o b t a i n e d  as fo l lows :  
The f l e x p r i n t  a r e a  under  concern is  a t  t h e  r e c e p t a c l e  o r  
connec to r  which i s  f a s t e n e d  t o  t h e  SXT Index Head. The Connector 
e x p e r i e n c e s  l o c a l  v i b r a t i o n s  s i m i l a r  t o  t h e  index  head. For a 
random i n p u t  o f  5-1/2g8s t o  t h e  OUA, t h e  connec to r  o r  Index Head 
may encounter  harmonics (due t o  f l e x i b i l i t y )  a s  h i g h  as 1 6  g ' s  p e r  
Report  Aa-66-307. The weight  o f  p o t t i n g  compound and r i b b o n  w i t h  
respect t o  connec to r  is two ounces.  For a 1 S g  l o a d ,  t h e  f o r c e  t h a t  
t.ends t o  s e p a r a t e  r ibbon  from p o t t i n g  compound o r  r ibbon and  p o t t i n g  
wmpound from connec to r  i s  15 x 2 or  36 ounces  ( 2  pounds) ( r e f e r e n c e  
Figure 4-13], 
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Figure 4-13. Pul l  T e s t  S e t - U p  OUA F l e x p r i n t s  
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VISUAL INSPECTION C R I T E R I A  
I n s p e c t i o n  Requi rements  f o r  K I C  P a r t  Numbers 1 0 1  2519, 
1012520-1 and 1012520-2: 
1. I n s p e c t i o n  i s  t o  be per formed  ;rnder 5x m a g n i f i c a t i o n .  
G r e a t e r  magr . i f i ca t ion  may b e  employed on ly  t o  v e r i f y  seemingly  
s u s p e c t e d  c o n d i t i o n s .  
2.  A minimum of  .010 s e p a r a t i o n  s h a l l  be ma in t a ined  between 
c o n d u c t o r s ,  and between any condt lc tor  and any edge.  
3. S l i v e r s  and /or  b u r r s  emanat ing from conduc to r s  s h a l l  n o t  
ex t end  beyond 108 o f  t h e  minimum conduc to r  s e p a r a t i o n  w i d t h .  Con- 
d u c t o r  edges s h a l l  be r ea sonab ly  s t r a i g h t ,  however, i r r e g u l a r i t i e s  
due t o  b u r r s ,  n i c k s  and etc.  t h a t  do n ~ t  v i o l a t e  minimum s p a c e  o r  
conduc tor  w i d t h ,  s h a l l  n o t  be c a u s e  f o r  r e j e c t i o n .  
4 .  Black o x i d e  c o a t i n g  o f  c o n d u c t o r s  s h a l l  b e  g e n e r a l l y  f r e e  
from copper  exposed a r e a s  r e s u l t i n g  from s c r a t c h e s ,  r u b s ,  o r  
u n d e r c u t t i n g  from e t c h i n g .  However, t h e i r  p r e s e n c e  s h a l l  n o t  be 
cause  f o r  r e j e c t i o n  i f  t h o s e  ~ o n d i t i o n s  ex t end  less t h a n  2Q% o f  t h e  
conduc tor  w i d t h .  T o t a l  m n d u c t o r  w i d t h  must  s t i l l  m e e t  t h e  .025 
minimlu r equ i r emen t  . 
5. Contamina t ion  h e l d  t o  a minimum, and s h a l l  n o t ,  i n  any 
lase ,  b r i d g e  c o n d u c t o r s .  Its p r e s e n c e  s h a l l  n o t  b e  c a u s e  f o r  re- 
j e c t i o n ,  e x c e p t  where c a b l e  f a i l s  1500 M C  h igh  p o t e n t i a l  test .  
Where c o n t a m i n a t i o n  e x i s t s ,  and tests are performed,  F l e x i b l e  
C i r c u i t s ,  I n c .  w i l l  c e r t i f y  t h a t  t h e  c a b l e  h a s  p a s s e d  t h i s  test .  
6. S u r f a c e  o f  t h e  tef lorn  s h a l l  be smooth, c o n t i n u o u s ,  and 
g e n e r a l l y  free of imperf  ectiorrs . T h e r e  s h a l l  be no d i e l e c t r i c  
breakdown, and t h e  t e s t  method s h a l l  n o t  i n t r o d u c e  s u r f a c e  i m -  
p e r f e c t i o n s  . 
7.  Connector  body ( excep t  b a s e )  j ack  screws and t h e  exposed 
pins of the c o n n e c t o r  s h a l l  b e  c l e a n  and f r e e  o f  p o t t i n g  compound, 
mold r e l e a s e ,  and/oz o t h e r  f o r e i g n  m a t e r i a l .  
8. Nothing h e r e i n  s h a l l  be c o n s t r u e d  as a d e v i a t i o n / v a r i a t i o n  
of t h e  b l u e p r i n t  and/or  a p p l i c a b l e  s p e c i f i c a t i o n  r e q u i r e m e n t s .  
9 .  f l e x i b l e  C i r c u i t s ,  I n c .  w i l l  m a i n t a i n  in-house p rocedures  
per manufac tu r ing  and i n s p e c t i o n  f low c h a r t  d a t e d  
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1 0 .  P inho les  s h a l l  n o t  be cause  f o r  r e j e c t i o n  except  when t o t a l  
conductor  width  a c r o s s  p inho le  i s  less than  .025". I n  a d d i t i o n ,  
two o r  more p i n h o l e s  l o c a t e d  w i t h i n  any 3 inch l e n g t h  of  conductor  
s h a l l  be c a u s e  f o r  r e j e c t i o n .  
NOTE: When 1500 V h igh  p o t e n t i a l  t e s t  i s  r e q u i r e d ,  it s h a l l  
be  a p p l i e d  on ly  a c r o s s  t h o s e  conduc to r s  i n  q u e s t i o n .  
11. A p u l l  t e s t  s h a l l  b e  performed i n  each f  l e x p r i n t  t o  
v e r i f y  p o t t i n g  adherence i n  accordance  w i t h  t h e  fo l lowing  procedure:  
a .  Rig id ly  s u p p o r t  t h e  connec to r  body making 
c e r t a i n  t h e  c o n n e c t o r  is  n o t  damaged. 
b .  Apply a  f o r c e  o f  3.5 pounds a s  fo l lows :  
(1) Uniform f o r c e  t o  t h e  c a l b e  v i a  a  smooth 1 - , A  
i n s e r t e d  through t h e  c a b l e  loop.  
( 2 )  Force  a p p l i e d  p e r p e n d i c u l a r  t o  t h e  f a c e  o f  
t h e  connec tor .  
(3)  Apply and remove f o r c e  5  t i m e s  i n  each o f  
t h e  two d i r e c t i o n s .  
c. Any s e p a r a t i o n  between c a b l e  i n s u l a t i o n  and 
p o t t i n g  compound v i s i b l e  d u r i n g  o r  a f t e r  t h e s e  
tests under 5x m a g n i f i c a t i o n  s h a l l  be cause  
f o r  r e j e c t i o n .  
I 4.5. 2 . 6  Purge Valves 
PROBLEM - D i f f i c u l t i e s  had been encountered  w i t h  t h e  purge  , v a l v e s  (see F igure  4 - 1 4 )  i n  s e a l  f a i l u r e s  and flow s toppage.  
ACTION AND RESULTS - K I  now opens and closes e a c h .  v a l v e  f i v e  
times a t  t h e  pane l  assembly l e v e l  and f i n a l  OUA l e v e l .  The va lves  
a r e  l e a k  checked and checked f o r  f low s t o p p a g e  a t  t h e  two assembly 
l e v e l s .  I n  a d d i t i o n ,  a g a s  i n j e c t i o n  v a l v e  (F igure  4-15) was i n -  
s t a l l e d  i n  the purge  v a l v e  and sh ipped  w i t h  t h e  u n i t s .  K I  a l s o  
recommended t h e  a d d i t i o n  o f  a  f lowmeter (see F i g u r e  1 - 1 6 )  t o  t h e  
f i e l d  purge  k i t .  Th i s  w i l l  r e a d i l y  d i s c l o s e  whether  t h e r e  was any 
flow s toppage  and t h e  amount of flow dur ing  purg ing .  
I 
4 . 5 . 2 . 7  Manual Adjus t  Knobs 
PRDBLEE - The "pop-out" feature of the Manual Adjus t  knob was 
o c c a s i o n a l l y  s l u g g i s h  and,  a t  t i m e s ,  i n o p e r a t i v e .  The r a d i a l  
o p e r a t i o n  o f  t h e  knab was t i g h t .  Bery l l ium and rubber  p a r t i c l e s  
- 
were noted i n  t h e  s h a f t  t h r e a d s .  
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Figure 4 - 1 4 .  Purge Valve 
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Figure 4 4 5 .  Gas I n j e c t i o n  Valve 
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Figure 4-1 6 .  Flowmeter 
KOLLSMAN INSTRUMENT CORPORATION 
w I N V E S T I G A T I O N  SUMMARY - R e s u l t s  o f  tests performed,  u s i n g  a 
Be ry l l i um tes t  b lock  s i m u l a t i n g  t h e  f r o n t  p a n e l  and p r o d u c t i o n  
Manual A d j u s t  Knob a s s e m b l i e s ,  was de te rmined  t o  b e  n l a c k  o f  "0" 
r i n g  l u b r i c a t i o n ,  and con tamina t ion  by " 0 "  r i n g  p a r t i c l e s  and B e  
m a t e r i a l  p a r t i c l e s .  
RECOMMENDATIONS - As a r e s u l t  o f  i n v e s t i g a t i o n ,  s e v e r a l  
p r o p o s a l s  were s u b m i t t e d  as  c o r r e c t i v e  a c t i o n .  F i g u r e  4-17 shows 
d e s i g n  r e v i s i o n .  
1. (K753) - Remove s h a r p  e d g e  from beg inn ing  and end 
o f  s h a f t  t h r e a d ;  p o l i s h  s h a f t  t h r e a d .  
2. (K780) - Revise  l u b r i c a t i o n  n o t e  on  p a n e l  assembly.  
3.  (K1471) - Remove b u r r s  and sharp c o r n e r s  from s p r i n g .  
4 .  K731 - SCT P a n e l  2012728. Lead- in  chamfer f o r  
la rge  "0" r i n g  t o  r e d u c e  number o f  r u b b e r  p a r t i c l e s .  
5. K732 - 2011784 P a n e l  Assembly. Add s p a c e r  between 
s p r i n g  and s p r i n g  sea t .  
w PROBLEM - A Luxorb f a i l u r e  ( F a i l u r e  Repor t  4476, d a t e d  28 
March 1965)  w a s  obse rved  o n  t h e  Block I s p a r e ,  S N  1 2 .  The OUA was 
examined a f t e r  thermal-vacuum and solar  exposure .  I t  w a s  dis- 
covered  t h a t  t h e  Luxorb i n  t h e  l e n s  assembly had  bubbled  and r u n  
o n t o  a r e a s  o t h e r  t h a n  were it h a d  been  a p p l i e d  o r i g i n a l l y .  
6 
Some d i f f i c u l t y  was also e x p e r i e n c e d  by K I  Manufac tur ing  when 
t h e  Luxorb would be s l i g h t l y  d i s s o l v e d  d u r i n g  t h e  u e u a l  l e n s  c l e a n -  
i n g  o p e r a t i o n s .  
The Luxorb o n  t h e  l e n s  o f  AGE 201A f a i l e d  d u r i n g  q u a l i f i c a t i o n  
t e s t i n g  where  b u b b l i n g  w a s  observed a f t e r  e x p o s u r e  t o  t h e n n a l -  
vacuum and so la r  r a d i a t i o n  ( F a i l u r e  Repor t  9685, dated 20 Apri l .  
1 9 6 6 ) .  
. 
INVESTIGATION - I n  May 1965,  KX R e l i a b i l i t y  p r e p a r e d  s e v e r a l  
sanrples c o a t e d  w i t h  Luxorb and exposed them to  s e v e r e  solar  r a d i a -  
t i o n  w i t h  r e s u l t a n t  b u b b i f n g ,  f l a k i n g  and l.,ss o f  mater ia l .  MIT/ 
I L  was i n fo rmed  o f  t h e s e  r e s u l t s .  
K I  t h e n  p r e p a r e d  a TDRR p r o p o s a l  (KG94 dated 11 March 1966)  
f o r  r e p l a c i n g  t h e  Luxorb o n  t h e  l e n s  assembly with 3M Black V e l v e t  
p a i n t .  A p r o p o s a l  to  remove t h e  Luxorb from t h e  p r i sm assembly 
w a s  riot s u b m i t t e d  a t  t h a t  t i m e ,  as no f a i l u r e s  had been  found o n  
t h e  p r i s m s  and Luxorb is more d e s i r a b l e  t h a n  t h e  3M p a i n t ,  from a n  
~r optical  p o i n t  o f  v iew,  o n  t h e  p r i s m  assembly.  
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Figure 4 - 1 7 .  SCT Manual Adjust Knob 
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MIT/IL responded t o  f u r t h e r  KI q u e s t i o n i n g  t h e  use o f  Luxorb 
by approv ing  t h e  TDRR (No. 28691 approved 11 May 1966) on  t h e  
b a a i a  t h a t  XI had d i f f i c u l t y  i n  a p p l y i n g  t h e  Luxorb p r o p e r l y .  
A C r " L N  - f h e  K I  manufac tu r ing  change t o  3 M  Black Ve lve t  on 
t h e  I . : was e f f e c t i v e  c n  AGE 213 d -  p e r  ECO l l f 9 C 3 ,  d a t e d  23 May 
1966.  
4.5.2.9 O p t i c a l  Measurement of M i r r o r  Mouy,ting S u r f a c s s  
PRDBLEM - A s t u d y  was conducted  t o  p r o v i d e  i n f o r m a t i o n  
c o n c e r n i n g  t h e  c o n d i t i o n  o f  m i r r o r  mounting s u r f a c e s  o n  OUA 
S e x t a n t s  i n  c o n n e c t i o n  w i t h  a s e p a r a t e l y  w n d u c t s d  i n v e s t i g a t i o n  
o f  TDA s h i f t s .  
The s t u d y  d i r e c t e d  toward accomplishment  o f  t h e  f e l l o w i n g  
ob j ect i v e s  : 
a.  E s t a b l i s h m e n t  o f  c r i ter ia  f o r  i n t a r p r e t a t i o n  s f  
i n t e r f e r e n c e  f r i n g e  p a t t e r n s  o b t a i n e d  when a n  
o p t i c a l  f l a t  i s  p l a c e d  i n  c o n t a c t  w i t h  t h r e e  
mounting pads  s i m u l t a n e o u s l y -  
b e  Empi r i ca l  v e r i f i c a t i o n  o f  theoretical c r i t e r i a  
u s i n g  laboratory tes t  s e t u p .  
c. P h o t o g r a p h i c  r e c o r d i n g ,  and i n t e r p r e t a t i o n  of 
p a t t e r n s  o b t a i n e d  w i t h  a v a i l a b l e  p r o d u c t i o n  test  
equipment  f rcm m i r r o r - m u n t i n g  s u r f a c e 8  o f  OUA 
S e u t a n t  ACEf s 205 and 206 ( a f t e r  l a p p i n g  o f  
s u r f a c e s  f o r  o p t i c a l  a l i g n m e n t ) ,  and sf AGE'S 
210 and 211 (at ,  subassembly  levels p r i o r  t o  
lappinrj :  . 
ACTION AND RESULTS - The r e s u l t s  o b t a i n e d  i n d i c a t e  t h a t  a 
s i g n i f i c a n t  d e g r a d a t i o n  o f  f l a t n e s s  .ld c o p l a n a r i t y  o f  mirror 
mounting s u r f a c e s  c a n  o c c u r  when th s u r f a c e s  are l a p p e d  f o r  
o p t i c a l  a l i gnmen t .  Whi le  no at tempt.  t*as made h e r e  t o  e v a l u a t e  
t h e  impact of t h e s e  f i n d i n g s  on  S e x t a n t  TDA s h i f t s ,  t h e  r e s u l t s  
d i d  p o i n t  up t h e  n e c e s s i t y  f o r  c l o s e r  o o n t r o l  of f l a t n e s s  and co- 
p l a n a r i t y  o t  .id r ro r -mount ing  s u r f  aces d u r i n g  t h e  l a p p i n g  p r o c e d u r e .  
Accord ing ly ,  i n - p r o c e s s  m o n i t o r i n g  o f  t h e s e  p a r a m e t a r s  o n  c u r r e n t  
and f u t u r e  p r o d u c t i o n  u n i t s  w i l l  be accompl ished by i n t r o d u c t i o n  
o f  t h e  r e q u i r e m e n t  f o r  t h e  pe r fo rmance  o f  tire above d e s c r i b e d  
c h e c k s  i n t o  t h e  a p p r o p r i a t e  assembly a l i gnmen t  p r o c e d u r e s .  
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F o r  comple te  d e t a i l s  o f  t h i s  s t u d y ,  r e f e r e n c e  P r o j e c t  
Eng inee r ing  Report, AE-66-013, " I n t e r f e r o m e t r i c  Measurement o f  
F l a t n e s s  and C o p l a n a r i t y  o f  SX"r Mirror Mounting S u r f a c e s " ,  d a t e d  
6 J u n e  1966.  
I 4.5 .2 .10 LOS S h i  f t i n  Thermal-Vacuum T e s t s  I 
PRCIBLEM - The p r e c i a  i o n  a n g l e  neasurement  , SXT SLOS/LLOS, 
h a s  been o b s e r v e d  t o  change d u r i n g  t h e  O J A  exposu re  t o  the rma l -  
vacuum-solar  r a d i a t i o n .  T h i s  change was f i r s t  obse rved  d u r i n g  
t h e  Block I q u a l i f i c a t i o n  tests ( r e p o r t  AA-65-232, 3 a t e d  31 J u l y  
1 9 6 5 ) .  The same s h i f t  was o b s e r v e d  a g a i n  d u r i n g  t h e  Block 11 
q u a l i f i c a t i o n  tests  ( r e p o r t s  AA-65-245, 250 and 2 5 8 ) .  
T h i s  problem is n o t  a p p a r e n t  o n  a l l  O U A ' s  a s  t h e  p r e c i s i o n  
angle measurement i s  made b e f o r e  and a f t e r ,  b u t  n o t  d u r i n g  
thermal-vacuum e x p o s u r e ,  and t h e  a n g l e  r e t u r n s  t o  t h e  p r e e x p o s u r e ,  
e x p o s u r e  v a l u a  a f t e r  room ambient  t e n p e r a t u r e  is r e s t o r e d .  A 
s e t u p  w a s  t h e n  p r e p a r e d  t o  moni to r  t h e  per formance  of a r e g u l a r  
p r o d u c t i o n  u n i t  d u r i n g  f i n a l  t e s t i n g .  The r e s u l t s  o f  t h i s  t e s t  
I ( s e e  F i g u r e  4 - 1 8 ) ,  as w e l l  as t h e  past q u a l i f i c a t i o n  t e s t s ,  i n -  
d i c a t e  a s h i f t  o f  app rox ima te ly  25 a r c - seconds .  
ACTION ANLJ RESULTS - I t  w a s  e m p i r i c a l l y  d i s c o v e r e d  t h a t  a 
20-pound p r e l o a d  o n  t h e  t r u n n i o n  axis b e a r i n g s  w i l l  c a u s e  a 25 
a r c - s e c o n d  o f f s e t .  I t  is also known t h a t  t h e  l e n g t h  a n d  d i a m e t e r  
of t h e  t r u n n i o n  dr ive s h a f t  i n c r e a s e  w i t h  h i g h e r  t e m p e r a t u r e ,  
see F i g u r e  4-19, and t h a t  b o t h  t h e s e  i n c r e a s e s  w i l l  t e n d  t o  raise 
t h e  p r e l o a d  on  t h e  b e a r i n g s  w i t h  a r e s u l t i n g  change i n  t h e  m i r r o r  
mounting p l a n e .  A l a y o u t  w a s  t h e n  prepared, see F i g u r e  4-20,  
u s i n g  f l a n g e d  b e a r i n g s  a r r a n g e d  s o  t h a t  an  i n c r e a s e  i n  s h a f t  d i -  
ameter w i l l  raise the p r e l o a d ,  and a n  i n c r e a s e  i n  s h a f t  l e n g t h  
w i l l  lower t h e  preload. The c o n t a c t  a n g l e  w i l l  be s e l e c t e d  
( c a l c u l i r t i o n s  shown approx ima te ly  h 7 O )  so t h a t  the t w o  e f f e c t s  
w i l l  off set e a c h  o t k e x ,  t h e r e b y  e l h i n a t i n g  thf s s o u r c e  o f  s h i f t .  
A d d i t i o n a l  t e s t i n g  was i n d i c a t e d  b e f o r e  any change war 
implemented.  Another  OUA tes t ,  run  w i t h  t e m p e r a t u r e  and  s ~ a i  .. 
m o n i t o r i n g ,  w a s  performed t o  a s c u r e  t h a t  t h e r e  were no c a u s e s  o f  
s h i f  rs 04cher t h a n  t h e  bearing load. The f l a n g e d  be; . irig conf i-gura- 
t i a n  s h o u l d  be checked t o  o p t i m i z e  t h e  c a n c e l l a t i o n  effect  of 
b e a r i n g  l o a d  i n e r e a s  e and d e c r e a s e .  
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Figure 4-19. Sextant  TDA Assembly 
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4 .5 .2 .11  F u n c t i o n a l  T e s t e r  C o m p a t i b i l i t y  and MDA Tuning 
PROBLEM - The c o m p a t i b i l i t y  o f  d a t a  between F u n c t i o n a l  Testers 
i n  t h e  t e l e s c o p e  s h a f t  and t r u n n i o n  axes h a s  been a s o u r c e  o f  
error i n  OLlA t e s t i n g .  
ACTION AND RESULTS - Unl ike  t h e  S e x t a n t  (SXT), t h e  Scanning 
T e l e s c o p e  (SCT) accu racy  depends on t h e  r e s p o n s e  of t h e  Motor   rive 
A m p l i f i e r  (MDA) .  See  F i g u r e s  4 - 2 1  and 4 - 2 2 .  
READOUT 
OBSERVER - - 





I MOTOR I I 
Figure 4-22.  SCT Readout Loop 
I n  F i g u r e  4 - 2 1  t h e  r e a d o u t  is  t a k e n  from t h e  same s h a f t  t h a t  
i s  be ing  o b s e r v s d  by t h e  o p e r a t o r .  I n  F i g u r e  4-22 ,  t h e  SCT read-  
o u t  comes from the SXT s h a f t  w h i l e  t h e  o p e r a t o r  i s  o b s e r v i n g  t h e  
t e l e s c o p e  s h a f t  (Slave Moee). A modified method o f  tuning t h e  MDA 
has been  deve loped  t o  make t h e  response more n e a r l y  i d e n t i c a l  be- 
tween a m p l i f i e r s .  The new p r o c e d u r e  i n c o r p o r a t e s  t h e s e  b a s i c  
criteria.  
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a. O v e r a l l  in -phase  g a i n  app rox ima te ly  e q u a l  t o  6000 
b e  Gain t o  q u a d r a t u r e  a d j u s t e d  t o  app rox ima te ly  e q u a l  t o  500 
and  b a l a n c e  f o r  0  and n phase  w i t h i n  20 p e r c e n t .  
The da ta  i s  p r e s e n t e d  i n  T a b l e  4-12 i n d i c a t e  t h e  improvement 
i n  c o m p a t i b i l i t y  ach i eved  w i t h  t h e  m o d i f i e d  method o f  t u n i n g .  
Table 4-12 
FUNCTIONAL TESTER COMPATIBILITY 
O r i g i n a l  A m p l i f i e r s  Retuned Amplif i e s a  
SCT TClA SCT TD,A 
Zero  Error Zero Error 
GSE No. 2 . 010 FTE 103  .0646 
GSE No. 3  . 0 4 4  FTE 104 .0569 
Max. D i f f .  .034 Deg. GSE N o .  2  -054 
GSE N o .  3  .060 
Max. Diff . .0106 
' ~ r r  4.5.2.12 Anodi z,e/Reanodize o f  B e r y l l i u m  
PROBLEM - The a n o d i z i n g  o f  b e r y l l i u m  p a r t s  c o n t i n u e s  t o  p r e -  
s e n t  problmes .  A tendency exists f o r  some p o r t i o n s  o f  almost any 
p a r t  t h a t  i s  b l a c k  anodized  t o  remain  g r a y  i n  color. T h i s  g r a y  
c o n d i t i o n  h a s  been  most t roub lesome on Eyep iece  Housing 2012708, 
b u t  h a s  bean  less pronounced on t h e  SXT and  SCT P a n e l s .  
ACTION AND RESULTS - The d e g r e e  o f  c o r r o s i v e  p r o t e c t i o n  pro-  
v i d e d  by a g r a y  a n o d i z e  was known w i t h  c e r t a i n t y  a t  t h i s  t i m e .  
Checks made by measur ing  t h e  t h i c k n e s s  o f  t h e  g r a y  areas show them 
t o  be w i t h i n  t h e  r e q u i r e m e n t s  o f  t h e  a n o d i z i n g  s p e c i f i c a t i o n .  
The s t a n d a r d  t es t  samples  u sed  f o r  measur ing  t h i c k n e s s  and 
s a l t - s p r a y  d u r a b i l i t y  were n o t  a d e q u a t e  t o  measure g r a y  area 7er- 
formants, s i n c e  t h e  samples have n o t  had t h e  g r a y  c o n d i t i o n .  S i n c e  
t h e  g r a y i n g  i s  b e l i e v e d  t o  be due  t o  t o o l i n g  problem8 of c o n f i g u r a -  
t i o o n  and wear, a s p e c i a l  sample h a s  been made up t o  r e f l e c t  t h e s e  
problems as do  t h e  p a n e l s  and t h e  e y e p i e c e  hous ing .  T h i s   ample 
was s u b j e c t e d  to  s a l t - s p r a y ,  w i t h  s p e c i a l  a t t e n t i o n  b e i n g  g i v e n  t o  
t h e  g r a y  p o r t i o n s .  
U n c e r t a i n t y  as t o  t h e  f e a s i b i l i t y  o f  r e a n o d i z i n g  b e r y l l i u m  
p a r t s  h a s  been  l c r g e l y  r e s o l v e d .  Th ree  SXT P a n e l e  t h a t  were re- 
j e c t e d  f o r  i n a d s q u a t e  a n o d i z e  c o v e r a g e  (as measured by v e r y  l i g h t  
+ g r a y  i r .  some areas) have been r e a n o d i z e d ,  and t h e  r e s u l t  is  a better 
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t h a n  a v e r a g e  a n o d i z e  c o n d i t i o n .  These  p a n e l s  were reworked  by 
s t r i p p i n g  o f f  t h e  o r i g i n a l  o x i d e  c o a t i n g  a n d  r e a n o d i z i n g  on b a r e  
m e t a l .  D imens iona l  c h a n g e s  a re  less t h a n  0 .001  i n c h  p e r  s u r f a c e .  
Based o n  t h e  r e s u l t s  o f  t h i s  r ework ,  t h a t  r e a n o d i z i n g  o f  
I b e r y l l i u m  a p p e a r s  t o  be a p r a c t i c a l  p r o c e s s .  
I 4 .5 .2 .13  S e x t a n t  I n d e x  Head Asselmbly I I 
The f i n a l  d e s i g n  o f  c o u n t e r w e i g h t  PN 2012723 was e s t a b l i s h e d  
a s  d e s c r i b e d  i n  E n g i n e e r i n g  R e p o r t  AE-66-001. T h i s  p a r t  i s  o f  f i x e d  
s i z e  and  s h a p e  r e q u i r i n g  no  s p e c i ' a l  b a l a n c i n g  p r o c e d u r e s  f o r  i n -  
s t a l l a t i o n .  I t  w a s  s a t i s f a c t o r i 1 ; y  shown on  AGE 124 and  AGE 201 t o  
cornpensate t h e  i m b a l a n c e  created by t h e  d e l e t i o n  of e l e c t r o n i c s .  
4 . 5 . 2 . 1 4  Thermal  P r o t e c t i v e  S h i e l d s  ( C o n t a m i n a t i o n  P r e v e n t i o n )  
PROBLEM - Des ign  arrd E v a l u a t i o n  o f  A s t r o s e x t a n t  P a s s i v e  Thermal  
P r o t e c t i v e  S h i e l d s .  
BACKGROUND - K I  w a s  directed p e r  KD-2319 t o  implement  t h e  
f o l l o w i n g  e f f o r t  on  - rotective covers f o r  t h e  OVA. (These  c o v e r s  
are i n t e r f a c e d  w i t h  -ne ab la t ive  c o v e r s ,  a n d  p r o v i d e  p r o t e c t i o n  
from r e a c t i o n  c o n t r o l  s y s t e m  c o n t a m i n a t i o n . )  
a.  E v a l u a t e  a d e s i g n  p r e v i o u s l y  g e n e r a t e d  by MIT/IL.  
b .  Develop  a l t e r n a t e  d e s i g n  s o l u t i o n s .  
c. P r o v i d e  estimates o f  cost a n d  s c h e d u l e  i m p a c t  f o r  
e a c h  o f  t h e  a f o r e m e n t i o n e d  d e s i g n s .  
ACTION AND RESULTS- A n  e n g i n e e r i n g  r e v i e w  o f  t h e  MIT/IL d e s i g n  
was h e l d  9 Sep tember  1966 ,  a n d  Des ign  Review R e p o r t  NO.  29 was 
i s s u e d  summariz ing  t h e  comments on  t h e  review. 
A p o l l o  P r o j e c t  Des ign  p e r s o n n e l  u n d e r t o o k  t h e  deve lopment  o f  
a l t e r n a t e  p r o t e c t i v e  c o v e r  p r o p o s a l s .  One o f  t h e s e  p r o p o s a l s  w a s  
r e v i e w e d  1 5  Sep tember  1966 ,  a n d  Des ign  Review R e p o r t  N o .  30 was 
i s s u e d  a c c o r d i n g l y .  Two o t h e r  c o n c e p t s  of p r o t e c t i v e  c o v e r s  were 
also d e v e l o p e d  t o  t h e  l e v e l  o f  p r o p o s a l  l a y o u t s .  
F l i p  c h a r t s  were made up f o r  e a c h  o f  t h e  d e s i g n  a ? p r o a c h e s ,  
p r e s e n t i n g  a s k e t c h  o f  t h e  d e s i g n  a n d  a summary o f  t h e  a d v a n t a g e s  
and d i s a d v a n t a g e s  o f  e a c h .  T h e s e  c h a r t s  w e r e  u s e d  i n  t h e  Q u a r t e r l y  
P r e s e n t a t i o n  a t  AC E l e c t r o n i c s .  
t 
E s t i m a t e s  o f  cost a n d  s c h e d u l e  iupact  w e r e  g e n e r a t e d  a t  K I  f o r  
each of t h e  proposed d e s i d n s .  A c o m p r e h e n s i v e  r e p o r t ,  "Contamina- 
tior. P r o t e c t i o n  S t u d y  - Ablat ive P a r t s " ,  AE-66-021, w a s  w r i t t e n  t o  
p r e s e n t  a c o m p l e t e  compara t . ive  p i c t u r e  o f  a l l  t h e  d e s i g n s .  F o r  
f u r t h e r  de ta i l s  o n  t h e  r e l a t i v e  merits o f  t h e  v a r i o u s  d e s i g n s ,  
r e f e r e n c e  AE-66-021, 
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- 4 .5 .2 .15  D e a r i n g s  and L u b r i c a t i o n  I 
T e s t  p e r f o r m a n c e  o f  t h e  b a l l  b e a r i n g s  a n d  l u b r i c a n t  u s e d  i n  
t h e  OUA h a s  n o t  d e m o n s t r a t e d  a  need  f o r  p e r i o d i c  m a i n t e n a n c e  or  
other s p e c i a l  p r o c e d u r e s .  However, t h e r e  h a v e  n o t  been  any l i f e  
tes ts  t o  p r o v i d e  d a t a  on  pe r fo rmance  a f t e r  e x t e n d e d  p e r i o d s  ( t w o  
years o r  more)  i n  a s t a t i c  c o n d i t i o n  o f  e t o r a g e ,  e i t h e r  b e f o r e  o r  
a f t e r  a e s e m b l y .  D e s p i t e  f a v o r a b l e  p e r f o r m a n c e  t o  d a t e ,  e t o r a g e  
l i f e  tests s h o u l d  be pe r fo rmed  t o  d i s p e l  a l l  r e a s o n a b l e  d o u b t  con- 
c e r n i n g  l u b r i c a n t  and  b e a r i n g  l i f e .  
SACKGROUND-Due t o  t h e  f i n i t e  l i f e  o f  t h e  b e a r i n g  l u b r i c a n t  and  
t o  t h e  r e l a t i v e  d e l i c a c y  and c r i t i c a l i t y  o f  t h e  b a l l  b e a r i n g g s ,  K I  
E n g i n e e r i n g  i s  aware o f  t h e  p o s s i b l e  need  f o r  some form o f  p e r i o d i c  
m a i n t e n a n c e  t o  p r e v e n t  b e a r i n g  f a i l u r e s  i n  t h e  OUA. I n  order t o  
I 
p r e d i c t  t h e  l i f e  o f  t h e  b a l l  b e a r i n g s ,  s t u d y  waa made o f  t h e  b e a r -  
~ i n g s  t h e m s e l v e s ,  t h e  l u b r i c a n t  p r o p e r t i e s ,  a n d  t h e  p e r f o r m a n c e  o f  
t t h e  l u b r i c a t e d  b e a r i n g  i n  a c t u a l  a p p l i c a t i o n .  R e l e v a n t  i n f o r m a t i o n  
w a s  p r e s e n t e d  i n  e a c h  of t h e s e  areas. 
LUBRICANT PROPERTIES-The b a l l  b e a r i n g  l u b r i c a n t  i s  a m i x t u r e  
o f  two G e n e r a l  Elect r ic  components :  G.E .  S i l i c o n e  O i l ,  Type F-50, 
1012050,  a n d  G . E .  S i l i c o n e  G r e a s e ,  Type G-300, 1012051. 
P r o p e r t i e s  o f  t h e  o i l  t h a t  m i g h t  r e s u l t  i n  l u b r i c a n t  f a i l u r e  
a re  a s  f o l l o w s :  
I a. L i f e  - 5 - y e a r  s h e l f  l i f e  I b. T e m p e r a t u r e  r a n g e  - f rom -lOO°F t o  + 4 5 0 ' ~  I I c. Vacuum d u r a b i l i t y  -0.34% w e i g h t  loss i n  114 h o u r s  a t  I 
1 5 0 ° F  a n d  l ~ - ~ m m  Hg.
T h e s e  p e r f o r m a n c e  l e v e l s  are f u l l y  a d e q u a t e  f o r  OUA r e q u i r e -  
n e n t s ,  e s p e c i a l l y  s i n c e  t h e  v e n d o r  h a d  e x p r e s s e d  c o n f i d e n c e  t h a t  
t h e  u s e f u l  l i f e  o f  t h e  o i l  was c o n s i d e r a b l y  g r e a t e r  t h a n  t h e  f i v e  
y e a r s  s ta ted  o n  t h e  d r a w i n g ,  ?he o n l y  OUA a p p l i c a t i o n  t h a t  m i g h t  
c o n s t i t u t e  a s i g n i f i c a n t  t e s t  ,of l u b r i c a n t  p e r f o r m a n c e  i s  t h e  re- 
l a t i v e l y  h i g h  'speed o f  t h e  b e a r i n g s  i n  t h e  1012156 m o t o r - t a c h o m e t e r s .  
A c t u a l  p e r f o r m a n c e  o f  the i u b r r c a n t  motor special  c o n d i t i o n i n g  h a s  
b e e n  f r e e l o f  f a i l u r e s ,  d e s p i t e  t h e  f a c t  t h a t  e s t i m a t e d  l u b r i c a n t  
t e m p e r a t u r e s  over 300°F are r e a c h e d  d u r i n g  t h e s e  r u n s .  I t  m u s t  
a l s o  be r e c o g n i z e d  t h a t  t h e s e  tests are o f  s h o r t  d u r a t i o n ,  some 23 
h o u r a .  
Thermal  tests r u n  o n  OUA's h a v e  shown t h a t  i n  o p e r a t i o n  t h e  
b e a r i n g  ( l u b r i c a n t )  t e m p e r a t u r e s  do n o t  a p p r o a c h  t h e  +450 O F  c e i l i n g  
s p e c i f i e d  on  the 10iL050 silicone o i l  d r a w i n g .  N o  d e t e r i o r a t i o n  
of t h e  01.1 w a s  n s t e d ,  e i t h e r  through breakdown of b e a r i n g  pe r fo rm-  
ance or  o the r '  e v i d e n c e ,  These t e L  i s  i n v o l v e d  severe c o n d i t i o n s  
.- (36  days t o t a l  e x p o s u r e  t o  the rmai -vacuum c y c l i n g ) ,  b u t  do n o t  pro- 
v ide  a measure  of p a s s i v e  l i f e  d u r a b i l i t y .  
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L u b r i c a n t  i n  s t o r a g e  a t  K I ,  due  t o  t h e  c o n t i n u i n g  m a n u f a c t u r -  
l n q  a c t . i v i t y ,  h a s  n o t  been  l e f t  u n d i s t u r b e d  f o r  s u f f i c i e n t l y  l o n g  
p e r i o d s  oL t i m e  t o  p r o v i d e  m e a n i n g f u l  t e s t  r e s u l t s  o f  l u b r i c a n t  
life. 
The 1012051.  S i l i c a n e  Grease, G e n e r a l  Electr ic  Type G-300, 
miqht be s u b j e c t  t o  f a i l u r e  i n  t h e  f o l l o w i n g  a r e a s :  
a .  Vacuum w e i g h t  loss:  3% weigh  loss  a f t e r  1 0 0  h o u r s  
a t  150'F and p r e s s u r e  o f  10-fmm Hg. 
b .  T e m p e r a t u r e  r a n g e :  - 1 0 0 ' ~  t o  + 4 5 0 ° ~ .  
c. L i f e :  One y e a r  s h e l f  l i f e ;  3 y e a r s  f u n c t i o n a l  a f t e r  
u s e .  
T e s t  p e r f o r m a n c e  o f  t h e  OUA showed no  e v i d e n c e  o f  f a i l u r e  o f  
t h e  g r e a s e ,  as  i n  t h e  case o f  t h e  s i l i c o n e  o i l .  However, t h e r e  
have  b e e n  no t e s t  c o n d i t i o n s  t h a t  p r o v i d e  a measure  of  l i f e  o f  t h e  
grease u n d e r  l o n g  t e r m  s t o r a g e .  
S i n c e  t h e  grease e x h i b i t s  a t e n d e n c y  t o  s e p a r a t e  when n o t  i n  
a s t a t e  of movement or  a g i t a t i o n ,  i t s  l i f e  u n d e r  s t a t i c  c o n d i t i o n s  
( s h e l f  l i f e )  i s  s h o r t e r  t h a n  l i f e  i n  use. However, t h i s  c a n  be 
c o r r e c t e d  t h r o u g h  the s i m p l e  e x p e d i e n t  o f  s t i r r i n g  or  s h a k i n g  be- 
f o r e  a p p l i c a t i o n .  
The  p r i n c i p a l  f u n c t i o n  o f  t h e  1012051 g r e a s e  i n  t h e  g r e a s e -  
: . x t u r e  i s  t o  p r o v i d e  a bar r ie r  t o  e x c e s s i v e  c r e e p  o f  t h e  
1012050 o i l .  S i n c e  c r e e p  i s  a f u n c t i o n  of t i m e ,  t h e  most e f f e c t i v e  
test of t h e  r e s u l t s  o f  c r e e p  i s  t o  o b s e r v e  t h e  b e a r i n g  over a l o n g  
p e r i o d  o f  t i m e  and  c h e c k  f o r  t h e  r e m a i n i n g  o i l  f i l m .  Combined 
times of b e z x i n g  s t o r a g e  a t  K I ,  f o l l o w e d  by  t h e  b u i l d  c y c l e  a n d  by 
f i e l d  t e s t i n q  h a v e  r e s u l t e d  11-1 some t o t a l  b e a r i n g  l i f e  times up t o  
two y e a r s .  A l t h o u g h  tests o f  b e a t i n g  p e r f o r m a n c e  p e r  se have  not  
been r u n  on these u n i t s ,  b e a r i n g  and  l u b r i c a n t  p e r f o r m a n c e  as de- 
t e r m i n e d  by g e n e r a l  OUA t e s t i n g  h a s  b e e n  s a t i s f a c t o r y .  
BALL BEARINGS(EXCLUS1VE O F  LUBRICANT CONSIDERATIONS) - The 
actual appl ied  b e a r i n g  loads i n  t h e  OUA are w e l l  w i t h i n  recommended 
dynamic i b a d  r a t i n g s . -  The o n l y  recorded b e a r i n g  f a i l u r e s  t o  date 
have b e e n  c a u s e d  by t h e  p r e s e n c e  o f  f o r e i g n  matter i n  t h e  b e a r i n g ,  
or by f a i l u r e  o f  t h e  wrong t y p e  o f  r e t a i n e r .  Due t o  t h e  s a f e  r a t i o  
of a c t u a l  l o a d i n g  t o  p e r m i s s i b l e  load, t h e  OUA b e a r i n g s  p e r f o r m a n c e  
becomes w h o l l y  d e p e n d e n t  upon c l e a n l i n e s s  a n d  t h e  adequacy  o f  the 
l u b r i c a n t .  
T h e r e  i s  o n e  area i n  which  l o n g  term s t o r a g e  c o n d i t i o n s  cou3.d 
p rove  t o  be c r i t i c a l - n a m e l y ,  the h igh  a x i a l  loads a p p l i e d  t o  t h e  
l a rge  s h a f t  axis b e a r i n g s .  The d u r a b i l i t y  o f  t h e s e  b e a r i n g s  i n  
terms o f  p o s s i b l e  b r i n e l l i n g  of t h e  b a l l s  a n d  races d u e  t o  axial 
loads ( a l t h o u g h  w i t h i n  b e a r i n g  i n a n u f a c t u r e r s '  recommended l e v e l s )  
can o n l y  be f i n a l l y  d e t e r m i n e d  by storage l i f e  t e s t i n g .  -. 
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ICONCLUSIONS - Since no c o n c l u s i v e  tes ts  of  l u b r i c a n t  and 
b e a r i n g  l i f e  o v e r  long s t o r a g e  p e r i o d s  have been performed,  i t  was 
recommended t h a t  t h e s e  tests be i n i t i a t e d  inunedia te ly .  The  r e s u l t s  
o f  performance under  o p e r a t i n g  c o n d i t i o n s  a r e  known t o  be s a t i s -  
f a c t o r y  b u t ,  due  t o  a g i n g  c o n s i d e r a t i o n 8  f o r  t h e  l u b r i c a n t  and t o  
t h e  s e p a r a t i o n  tendency  o f  t h e  g r e a s e ,  a long  p e r i o d  of  two y e a r 8  
o r  more c o u l d  p rove  t o  be t h e  c r i t i c a l  c o n d i t i o n .  Use of  an OUA 
t h a t  h a s  been i n  s t o r a g e  f o r  some time c o u l d  p r o v i d e  an  advan tage  
i n  t h a t  s t o r a g e  t i m e  t o  d a t e  may c o v e r  s e v e r a l  months of t h e  p ro-  
posed  t w o  y e a r  p e r i o d .  Such a t es t ,  however,  would r e n d e r  t h e  OUA 
i n v o l v e d  u n a v a i l a b l e  f o r  any f u n c t i o n a l  a p p l i c a t i o n  d u r i n g  t h e  t e e t  
p e r i o d .  
I t  w a s  recommended t h a t  t w o  gearbox  a s s e m b l i e s  be t e s t e d  and 
se t  aside t o  p r o v i d e  a means o f  s u b m i t t i n g  b e a r i n g s  and l u b r i c a n t  
t o  a t o r a g e  c o n d i t i o n s  and t e s t i n g  performance a f t e r  one o r  two 
y e a r s .  T h i s  approach  i s  more f e a s i b l e  and economical  t h a n  u s e  o f  
a n  OUA, b u t  p r o v i d e s  no check o f  t h e  l a r g e r ,  n x i a l l y  loaded  s h a f t  
b e a r i n g s .  These c o u l d  be checked by u s e  o f  a f i x t u r e ,  or  of  s c r a p  
p a r t s  needed t o  make up a s h a f t  b e a r i n g  and t e l e s c o p e  t u b e  sub- 
assembly. 
As ide  from e x i s t i n g  c o n t r o l s  o f  storage c o n d i t i o n s ,  no main- 
t e n a n c e  p r o c e d u r e s  are r e c o ~ m e n d e d .  S i n c e  t h e  p r i n c i p a l  c a u s e s  o f  
b e a r i n g  f a i l u r e  are b e l i e v e d  t o  be g r e a s e  s e p a r a t i o n ,  o i l  c r e e p ,  
and  b r i n e l l i n g  o f  b a l l s  or  races, t h e  o n l y  recommended p r o c e d u r e  
would b e  p e r i o d i c  o p e r a t i o n  o f  t h e  OUA. T h i s  would s e r v e  t o  mix 
t h e  l u b r i c a n t  and r e d i s t r i b u t e  t h e  b e a r i n g  l o a d s  t h a t  migh t  c a u s e  
b r i n e l l i n g .  None of t h e  O U A ' s  d e l i v e r e d  have  e x p e r i e n c e d  a n  ex- 
t e n d e d  p e r i o d  of s t o r a g e  n o t  i n t e r r u p t e d  by o p e r a t i n g  t i m e .  
4.5.2.16 SXT V i b r a t i o n  Shifts 
There  were n u m c r o k  f a c t o r s  which p o t e n t i a l l y  c o n t r i b u t e d  t o  
SXT V i b r a t i o n  S h i f t s .  The f o l l o w i n g  areas were investigated t o  
d e t e r m i n e  t h e  s o u r c e  o f  " s h i f t "  problem. 
R e s o l v e r s  
SXT Head M i r r o r s  
T r i m  Module 
SXT Head Mounting 
OUA Mounting on PTB 
PTF R e p e a t a b i l i t y  
F u n c t i o n a l  Tester 
O p e r a t o r  R e p e a t a b i l i t y  
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One o f  t h e  r e q u i r e m e n t s  f o r  t h e  Apol lo  OUA i s  t h a t  t h e  S e x t a n t  
(SXT) s ' . l a f t  a x i s  (SDA) r e s o l v e r  be a l i g n e d  t o  t h e  S t a r  L ine  o f  
S i g h t  (STLOS) w i t h  a f 1.0-second maximum error a t  z e r o  d e g r e e s  o f  
s h a f t  a n g l e .  Kollsman h a s  comp'. ied w i t h  t h i s  r equ i r emen t  on a l l  
sys tems  s h i p p e d .  However, r e p e a t e d  tests o f  t h e  SXT SDA r e s o l v e r  
a l i g n m e n t s  on t h e  same OUA have i n d i c a t e d  r e p e a t a b i l i t y  v a r i a t i o n s  
a s  high as t e n  s econds  o f  a r c .  
I A d d i t i o n a l  t e s t i n g  of  B U A ' s  and check ing  o f  Fac to ry  T e s t  Equip- 
ment (F'TE) has  n o t  p rov ided  a c o n c l u s i v e  answer as t o  t h e  s o u r c e  
of this a p p a r e n t  s h i f t .  T h e r e f o r e ,  s o u r c e s  o f  p o s s i b l e  s h i f t s  
have been examined i n  d e t a i l  t o  p i n p o i n t  areas f o r  f u r t h e r  tests 
and evaluations . 
In  t h e  Apo l lo  Command Module (CM) , t h o  OUA w i l . 1  be used t o  
p r  ov ide  STLOS i n f  o n n a t i o n  t o  t h e  Guidance Ci3mputer. The o p e r a t o r  
w i l l  a d j u s t  a  har.d c o n t r o l l e r  u n t i l  t h e  n a v i g a t i o n a l  s t a r  i n  ques -  
tion is c e n t e r e d  i n  a re t ic le  p a t t e r n .  The i n f o r m a t i o n  conce rn ing  
t h e  a n g l e  between a  r e f e r e n c e  p o s i t i o n  on t h e  CM and t h e  s t a r  i s  
t h e n  s u p p l i e d  t o  t h e  Guidance Computer by means o f  a p r e c i s i o n ,  
m u l t i s p e e d  r e s o l v e r  mounted on t h e  OUA SXT s h a f t .  F i g u r e  4-23  
d e s c r i b e s  t h i s  o p e r a t i o n .  
DESCRIPTION OF TEST - The SXT SD& r e s o l v e r  a l i gnmen t  i s  t e s t e d  
by us ing  t h e  P r e c i s i o n  T e s t  F i x t u r e  (PTF] a6 a poei t ior .? l l  r e f e r e n c e ,  
and  by r e a d i n g  t h e  r e e o l v e r  p o s i t i o n  v i a  a commescial r e s o l v e r  
b r i d g e  l o c a t e d  i n  t h e  F u n c t i o n a l  Tester. 
More p r e c i s e l y ,  t h e  r o t a r y  table on t h e  PTF i e  a e t  t o  ze ro .  
The SXT i s  t h e n  a u t o c o l l i m a t e d  o f f  t h e  57' az imuth  mirror on t h e  
r o t a r y  table .  T h i s  i s  accompl ished by b a c k l i g h t i n g  t h e  SXT ret ic le ,  
and p r o j e c t i r l y  t h e  ret icle  on t h e  57' PTF mirror. When t h e  i n sgec -  
t o r  sees t h a t  t h e  r e t i c le  and t h e  r e f l e c t e d  re t ic le  image c o i n c i d e  
t h e  SXT 3 D A  i s  c o r r e c t l y  p o s i t i i o n e d .  The SXT S D A  16X r e z a l v e r  
p o s i t i o n  i s  t h e n  de t e rmined  by b a l a n c i n g  t h e  r e s o l v e r  o u t p u t  a g a i n s t  
a Decade R e s o l v e r  Br idge  (DRB), o b s e r v i n g  t h e  n u l l  on a Phase Angle 
Voltmeter (PAV) , and r e a d i n g  t h e  r e s u l t a n t  a n g l e  on an Angular  
D i sp l ay  U n i t  ( A D U ) .  The t h r e e  p i e c e s  o f  resolver test  equipmc~nt  
a r e  l o c a t e d  i n  t h e  F u n c t i o n a l  Tester. F i g u r e  4-24 d e s c r i b e s  t h e  
t es t  s e t u p .  
RESdbVER SHIFTS - The  SXT SDA r e s o l v e r  i s  a m u l t i s p e e d  (1X and 
1 G X )  p r e c i s i o n  u n i t  manufac turea  by C l i f t o n  P r e c i s i o n  P r o d u c t s  o f  
C l i f t o n  H e i g h t s ,  P a . ,  NASA PN 1212066. 
I 
T h e  s p e c i f i c a t i o n s  for  t h i s  r e s o l v e r  are c o n t a i n e d  i n  PS 
10120b66. T h e  a n g u l a r  error of t h e  1 6 X  windirrg i s  r e q u i r e d  t o  be 
within 2 0  s ecands  of t h e  1 X  mechanica l  s h a f t .  More s i g n i f i c a n t l y ,  
f r o m  the p o i n t  of view of t h e  s u b j e c t  shift problem, t h e  s p e c i f i c a -  
t i o n  c o n t a i n s  r e q u i r e m e n t s  f o r  angular r e p e a t a b i l i t y  a f t e r  t h e  
r e s o l v e r  i s  s u b j e c t e d  t o  v a r i o u s  environmenta l .  stresses, These 
r e q u i r e m e n t s  are summarlzed i n  Tab le  4-13. 
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Figure 4-24. Resolver T e s t  Setup 
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Table 4-13 
ANGULAR REPEATABILITY REQUIREMENTS 
Environment 16% Repecrtabili  t y  
Vibra t ion,  10 cpa t o  2000 cps ,  p r o f i l e  
range  from .008 g2/cps a t  10 cps  t o  
.06g2/cps a t  70 c e through 420 c p s ,  S reducing  t o  .013g /cps a t  2000 cps .  
Shock SOg, 12 shocks,  6 mi l l i seconds .  
Low temperature  -45.S°C, 4 8  hours  
High temperature  +93.3'C, 4 8  hours  
S2'C Teniperature, 4 hours  
Humidity, 9 5 % ,  6 8 ' ~  t o  160°F c y c l e e ,  
7 c y c l e s ,  168 hours  
Thermal Vacuum, loo7Mn Hg a t  - 1 5 . 5 ' ~  
and  + 9 3 . 3 4 ~  
2 arc seconds 
2 arc seconds 
5 arc seconds 
5 arc eeconds 
4 arc seconds 
5 arc seconds 
no r e p e a t a b i l i t y  
requirement 
Endurance, 464 hours  cyc l i ng  from no r e p e a t a b i l i t y  
+ 3 7 . 8 @ ~  t o  -34.SmF requirement.  
A t  t h e  conclus ion  of  t h e  t e s t i n g ,  l i s t e d  i n  Table  4-138 t h e  
angular error of t h e  16X r e s o l v e r  must remain w i t h i n  20 seconds 
of  t h e  1 X  resolver s h a f t .  
These q u a l i f i c a t i o n  tests are p r e s e n t l y  i n  p rocess  a t  Kollsman 
b u t  no test c y c l e s  have been completed t o  da t e .  The v i b r a t i o n  
levels  r e q u i r e d  f o r  q u a l i f i c a t i o n  are approximately t h r e e  ti m e 8  
g r e a t e r  t h a n  t hose  r equ i r ed  f o r  OUA s e l l - o f f .  
MIT/IL haa performed v i b r a t i o n  t e s t a ,  dur ing  the -week  of 14 
March 1966, on one of  t h e  s u b j e c t  resolvere us ing  v i b r a t i o n  level8 
t h a t  were twice t h e  levels  requ.tred for t h e  o p t i c a l  u n i t .  There 
was no s h i f t  i n  t h e  r e s o l v e r  electrical a n g l e  as a r e s u l t  of t h i s  
v i b r a t i o n .  Vibra t ion  tests a t  MIT/IL on a completed OUA have pro- 
duced oh i f  ts . 
RESOLVER MOUNTING-The r e s o l v e r  rotor i s  mounted t o  t h e  tele- 
scope tube  assembly by means of t h e  rotor lock ing  nu t ,  PN 2011311 
which is torqued t o  100 i n - l b s  and then  cemented wi th  L o c t i t e  as 
per r o u t e  and tool  book 2012736. See  F igures  4-25 and 4-26 for  
rotor and stator  mounting d e t a i l s .  
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TELESCOPE TUBE 
ASSE MBLY 










STATOR RETAINER -- I \ '\, , ' - -- NAS1352C04LL10 
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, \--- -. STATOR 
ROTOR 
16 AND 1 SPEED TRANSMITTER '- LOCKING NUT, ROTOR PN 2011311 
Figure 4-25. SXT Design Features Affecting SXT SDA Alignment 
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\ HOUSING, STATOR AND LAMP 
ASBEMULY PN 2011325 
Figure 4-26. SXT SDA Resolver Mounting 
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T h e  r e s o l v e r    tat or i s  mounted t o  t h e  s t a t o r  hous ing ,  PN 
2 0 1 1 3 2 5 ,  by clamping i t  w i t h  t h e  s ta tor  r e t a i n e r ,  PN 2011327, which 
i s  h e l d  by s i x  N o .  4 long  lock  screws. 
T h e  s t a t o r  hous ing  i s  f a s t e n e d  t o  t h e  OUA b a s e  by e i g h t  No. 4 
long  lock  screws. 
T h e  t h r e e  i n t e r f a c e s  d i s c u s s e d  i n  t h e  p r e v i o u s  pa rag raphs  a r e  
p o s s i b l e  s o u r c e s  o f  s h i f t  . 
A j o i n t  NASA, KT, AC and MIT/IL meet ing a t  MIT r e s u l t e d  i n  t h e  
release o f  o f f i c i a l  T D R R ' s  p l u s  a d d i t i o n a l  p roposed  changes  ( a l l  
MIT g e n e r a t e d )  to change r e s o l v e r  mounting hardware  and t o  raise 
t h e  t o r q u e  on r e s o l v e r  mounting screws to  h igh  v a l u e s  i n  o r d e r  t o  
reduce t h e  p o s s i b i l i t y  o f  r e s o l v e r  s h i f t s  d u r i n g  v i b r a t i o n s .  R e -  
view of t h e s e  a c t i o n s  by K I  r e v e a l e d  t e c h n i c a l  and  c o n f i g u r a t i o n  
e r r o r s  on bo th  t h e  o f f i c i a l  and p r e l i m i n a r y  documents.  Counter-  
p r o p o s a l s  by K I  r e s o l v e d  t h e  problems.  
PI-oposal  N o .  K-1445-2 c o v e r s  a r e q u e s t  f o r  changing t h e  r e s o l v e r  
mounting screws and i n c r e a s i n g  t h e  t o r q u e  on t h e s e  screws i n  o r d e r  
t o  reduce  t h e  p o ~ s i b i l i t y  o f  r e s o l v e r  s h i f t s  d u r i n g  v i b r a t i o n .  See  
F i g u r e  4-27 f o r  d e t a i l s  o f  r e s o l v e r  mounting hardware  changes.  
SXT HEAD MZRROR SHIFTS - ( F i g u r e  4-28)  - A c t u a l l y ,  t h i s  change 
s t a r t e f d  i n  February  1966 when Manufac tur ing  e x p e r i e n c e d  a "screw" 
bot toming cor rd i t ion"  a t  t h e  2011712 assembly.  The t h r e e  screws 
(NASl352C04LE6) which h o l d  Index  Mirror, PN 2011259, was found t o  
b o t t m  on  t h e  back o f  t h e  r e l i e f  s l o t  i n  t h e  mirror. This caused  
m i r r o r  s t r a i n .  E n g i n e e r i n g  s t u d y  conf i rmed  t h a t  t o l e r a n c e  b u i l d u p  
cou ld  r e s u l t  i n  a n  i n t e r f e r e n c e  c o n d i t i o n .  
TDRR p r o p o s a l s  were s e n t  t o  MIT/IL t o  correct t h e  c o n d i t i o n  by 
l e n g t h e n i n g  t h e  Mirror Bushing. T h i s  p a r t i c u l a r  approach w a s  chosen 
(as opposed t o  s p e c i a l  screws or a s p e c i a l  washer  under  t h e  screw 
head )  because  t h e  i n v e s t i g a t i o n  a lso r e v e a l e d  t h a t  t h e  Wave Washer, 
PN 2011213, was be ing  s u b s t a n t i a l l y  o v e r s t r e s s e d .  Changing s p e c i f i c  
bushing d imens ions  would t h e n  change t h e  a v a i l a b l e  s p a c e  f o r  t h e  
wave Washer a t  assembly and o p t i m i z e  "load" c o n d i t i o n s .  
A l s o  t r a n s m i t t e d  t o  MIT/IL was a TDRR p r o p o s a l  t o  change t h e  
Wave Washer d rawing ,  PN 2011213, which w a s  found t o  b e  i n  error. 
C a l c u l a t i o n s  i n d i c a t e d  t h a t  l o a d  r e q u i r e m e n t s  were i n c o r r e c t .  T e s t s  
w e r e  run which v e r i f i e d  t h e  c a l c u l a t i o n s  and a lso  conf i rmed t h a t  a 
new v a l u e  for  t h e  Wave Washer compressed h e i g h t  a t  assembly (per 
a,foremesztioned bush ing  change)  was desirable. 
SXT HERD MIRROR MOUNTING - P r o p o s a l  No. K-769 c o v e r s  a r e q u e s t  
for  changing t h e  c o n f i g u r a t i o n  of  t h e  mirror bush ing  on t h e  2011712 
assembly t o  e l i m i n a t e  a n  i n t e r f e r e n c e  between t h e  end  of t h e  mount- 
ing screw and t h e  back o f  t h e  r e l i e f  s l o t  i n  t h e  Index Mirror, 
PN 2011259, and a n  en l a rgemen t  o f  t h e  bush ing  O.D. t o  r educe  t h e  
amount of p o t e n t i a l  mirror s h i f t  d u r i n g  v i b r a t i o n .  
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P r o p o s a l  N o .  K-770 c o v e r s  a  r e q u e s t  f o r  changing t h e  c o n f i g u r a -  
t i o n  o f  t h e  mirror bushing on t h e  2012735 assembly t o  e n l a r g e  t h e  
0.1). of  t h e  bush ing  t h u s  r educ ing  t.he amount o f  p o t e n t i a l  m i r r o r  
s h i f t  d u r i n g  v i b r a t i o n .  
Proposal No. K-681-1 c o v e r s  a r e q u e s t  f o r  changing t h e  Wave 
Washer d rawing ,  PN 2011213, w h i c h  w a s  found t o  be i n  error. 
TRIM MODULE - The r e s o l v e r  t r i m  module assembly,  PN 2011946, 
h a s  been s u b j e c t e d  t o  t h e  f o l l o w i n g  e n v i r o n m e n t a l  tests to de te rmine  
whether  the module i s  a s o u r c e  o f  r e s o l v e r  r s r o  s h i f t .  The  module 
w a s  s u b j e c t e d  t o  random v i b r a t i o n  a l o n g  t h e  three m u t u a l l y  perpen- 
d i c u l a r  a x e s  a t  l e v e l s  called fa r  i n  t h e  a c c e p t a n c e  test  p rocedure  
i n  JDQ 03016, Rev. B. During v i b r a t i o n ,  t h e  module was f u n c t i o n a l l y  
t e s t e d  w i t h  t h e  o u t p u t s  t o  e q u i v a l e n t  r e s i s t i v e  loads, c o n t i n u a l l y  
moni to red .  
The t r i m  module w a s  t h e n  exposed t o  a t h e r m a l  vacuum c y c l e  
s i m u l a t i n g  o p t i c a l  base c o n d i t i o n a t  which would be e x p e r i e n c e d  by t h e  
module, (see F i g u r e  4-29)  and t h e  module o u t p u t s  were c o n t i n u o u s l y  
moni to red .  
F i n a l l y ,  t h e  module was exposled to a second  series o f  random 
v i b r a t i o n s .  The t h r e e  axes a l o n g  which t h e  module was v i b r a t e d  
were t h o s e  called f o r  in JDQ 03056, Rev. B ,  f o r  t h e  OUA. The test  
f i x t u r e  i n  t h i s  case s i m u l a t e d  t h e  a c t u a l  mounting p o s i t i o n  o f  t h e  
t r i m  module on t h e  OUA, The module o u t p u t s  were c o n t i n u a l l y  moni- 
tored d u r i n g  t h i s  v i b r a t i o n .  
The f i r s t  v i b r a t i o n  caused  t h e  16X o u t p u t  o f  t h e  module t o  
v a r y  a 1 m i l l i v o l t  (mv) a b o u t  t h e  50 mv i n i t i a l  s e t t i n g .  The same 
magni tude  o f  change w a s  obse rved  d u r i n g  t h e  t h e r m a l  vacuum test. 
The second  v i b r a t i o n  r e s u l t e d  i n  v a r i a t i o n s  o f  f 0.5 mv. I n  a l l  
cases t h e  t r i m  module o u t p u t  w a s  w i t h i n  one  mv o f  t h e  i n i t i a l  s e t t i n g  
a f t e r  e x p o s u r e  t o  t h e  environrr.c..nt. 
To c a l c u l a t e  t h e  a n g u l a r  e - r o r  caused  by a one  m i l l i v o l t  v a r i a -  
I t i o n ,  p roceed  as o u t l i n e d  i n  f o l l o w i n g  pa rag raphs .  
I 
1 P. where 
EPI Reference input 
Ep2 - T r i m  module input 
8 Esl Cos output winding 
ESZ = Sin output winding 
8 = Resolver angle 
N = Resolver speed (16j 
~ 
I 
E ~ 2  K = Resolver trm,sforrnation 
~ 
ratio I 
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E s 2  = K (Epl Cos 3 + Ep2 Sin ) 
E s ~  = K (Ep2 COS 0 - Epl Sin 8 ) 
at electrical i:ero, E s l  - 0 
therefore Ep, j Cob3 - Epl s i n  e = 0 
and Ep2 
- 
- Sin 6 
EPl  
= t a n d  Cos tl 
For  r e a o l v e r  s h a f t  motion o f  ona second from electrical  z e r o ,  
8 = 16 seconds f o r  t h e  16-speed resolver windings .  For 8 less than 
l o 0 ,  t a n  0NN 0 r a d i a n s .  T h e r e f o r e  
Ep2 
Ep. t a n  16 sec 1 0.0175 x l o o 3  
When E p  1 28 volt*, Ep2 - 2.2 x l o o 3  volt.. T h e r e f o r e  a onc- 
mil l ivolt  change i n  Ep2, t h e  t r i m  module v o l t a g e ,  w i l l  cauae a 0.45 
second a n g u l a r  change. 
SXT HEAD MOUNTING The SXT head i a  s e c u r e d  by t h r e e  ecrews 
and t w o  p i n s  t o  t h e  telescope tube, which is mounted through bear -  
ings to  t h e  o p t i c a l  base. Two p i n s ,  a diamond and dowel, are p r e s s e d  
i n t o  the mounting s u r f a c e  o f  t h e  tube.  These p i n s  locate t h e  SXT 
head on t h e  tube and are t h e  sole meana of p r e v e n t i n g  r o t a t i o n a l  
s h i f t ,  o t h e r  t h a n  the screw t e n s i o n .  
The dowel p i n h o l e  i n  t h e  SXT head,  P N  2011252, is bored  0.1882 
to 0.1887 i n c h .  The dowel p i n ,  M S  16555 can  v a r y  from 0.1876 t o  
0.1878 inch  which leaves a maximum c l e a r a n c e  o f  0.0011 inch .  
The diamond p i~skobe  is  bored a t  0.2497 t o  0.2499 inch .  The 
diamond p i n ,  P N  1011769, long-ax is  i s  0.2490 to  0.2493 i n c h ,  which 
leaves a maximum p o s s i b l e  c l e a r a n c e  o f  0.0009 inch .  
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The nomirral d i s t a n c e  between t h e  two p i n s  is 2.778 inches .  
The m a x i m u m  r a d i a l  freedom which could  e x i s t  between the SXT head 
and i t s  mount i s  approximately  t h e  a n g l e  having the rad ian :  
0 . 0011 
- 2.91 x 10 - 4  rad - or 2.48 a r c  mine 
11 x 2.778 mine 
T h e r e f o r e ,  i f  t h e  three screws do n o t  ho ld  t h e  SXti head se- 
c u r e l y  t o  t h e  t e l e s c o p e ,  t h e r e  can be a maximum s h i f t  o f  2.48 
minutes  b e f o r e  t h e  p i n s  w i l l  s t o p  t h e  r o t a t i o n .  See F igure  4-30. 
TORQUING OF LONG LOCK SCREWS - On AGE 202, t h e  t o r q u e  on t h e  
three SXT head mounting screws, N o .  10-32,  was i n c r e a s e d  from 24.7 
t o  40 inch-pounds. Before  us ing  t h i s  t o r q u e  v a l u e ,  s i x  sample 
tapped h o l e s  i n  be ry l l ium were tested by s i m u l a t i n g  t h e  p h y s i c a l  
des ign .  Long l o c k  screws were i n s e r t e d  i n  each hale s u c c e s s i v e l y  
and to rqued  t o  t h e  40 inch-pound va lue .  The tapped h o l e s  were 
examined f o r  damage and none was found,  Two bong lock ecrews were 
tehn  s u c c e s s i v e l y  torqued  t o  i r c r e a s i n g l y  h i g h e r  va lue0  i n  s t e p s  
of  5 inch-pounds, u n t i l  the screws broke a t  95 inch-pounds torque .  
N o  damage t o  t h e  be ry l l ium tapped h o l e s  w a s  observed ,  Theae t e a t s  
provided  as su rance  t h a t  t h e  t h r e e  screws cou ld  be rafely t o rqued  
t o  40 inch-pounds. The 1 4  4-40 acrewe l o c v t i n g  t h e  16X r e s o l v e r  
s t a t o r  were torqued t o  10 inch-pounds, 
The l o c k r i n g  f o r  t h e  rotor which had been to rqued  t o  100 inch-  
pounds and f o u r  d rops  of  Loctite used,  r e q u i r e d  a breakaway t o r q u e  
of 240 inch-pounds. T h i s  r i n g  and mat ing t h r e a d  was c l e a n e d  and 
r e t o r q u e d  to 100 inch-pounds and e i g h t  drops of Loctita uaed. 
The t r i m  pots were r e e e t  and the  u n i t  was v i b r a t e d .  A f t e r  
t h i s  v i b r a t i o n  the SXT SDA r ead ing  was 1 5  seconds i n  error. The 
I p r e v i o u s  error was 2 3  seconds.  A f t e r  t h e  n e x t  v i b r a t i o n ,  t h e  
s h i f t  w a s  2'9 seconds.  A f t e r  t h e  subsequent  v i b r a t i o n ,  no r h i f t  
I was observed .  
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OUA MOUNTING ON PTF - The O p t i c a l  Un i t  i s  mounted on t h e  PTF 
by s u p p o r t i n g  t h e  OtJA on t h r e e  p r e c i s i o n  b a l l s ,  PN 1019156. The 
f o l l o w i n g  a n a l y s i s  w i l l  i n d i c a t e  w h e t h e r  s w i t c h i n g  t h e  l o c a t i o n s  o f  
t h e  precision b a l l s  w i l l  c a u s e  any v a r i a t i o n  i n  t h e  SXT S D A  Zero 
r e a d i n g .  
F o r  pu rposes  of  t h i s  d i s c u s s i o n ,  r e f e r e n c e  t h e  OUA i n  r e s o l v e r  
z e r o  test  p o s i t i o n  on t h e  PTF. The l i n e  j o i n i n g  t w o  of t h e  b a l l  
mounts w i l l  be d e s i g n a t e d  as the l ong  a x i s  and t h e  l i n e  pe rpend i -  
c u l a r  t o  t h e  l ong  a x i s  and i n t e r s e c t i n g  t h e  t h i r d  b a l l  mount w i l l  
be c a l l e d  t h e  s h o r t  a x i s .  
I 
I SHORT A X I S  
Any r o t a t i o n  a b o u t  t h e  l o n g  a x i s  due t o  b a l l  t o l e r a n c e  w i l l  
induce a direct error i n  TDA which w i l l  not i n f l w a c e  t h e  GDA zero 
p o s i t i o n .  E r r o r s  t h a t  t e n d  to  c a u s e  r o t a t i o n  about t h e  $‘art a x i s  
(or other p a r a l l e l  a x e s )  w i l l  a f f e c t  b o t h  SDA and TDA a n g l e s .  To 
d e m o n s t r a t e  this e f f e c t ,  v e c t o r  methods w i l l  be used t o  compute t h e  
g e n e r a l  s o l u t i o n  t o  t h i s  problem. 
C o n s i d e r  t h r e e  m u t u a l l y  o r t h o g o n a l  a x e s  o r i e n t e d  i n  such  a 
way tha t  t h e  k a x i s  i s  p a r a l l e l  t o  the  SDA, t h e  i a x i s  i a  p a r a l l e l  
t o  t h e  TDA ( and  t h e r e f o r e  t h e  l ong  a x i s ) ,  and  the j a x i s  i s  p a r a l -  
l e l  to  t h e  s h o r t  a x i s .  
The t r u n n i o n  mirror p l a n e  w i l l  be p a r a l l e l  t o  t h e  PTF a u t o -  
collimator mirror p l a n e  and o r i e n t e d  abou t  t h e  i axis making a n  
a n g l e  of 33' w i t h  t h e  j a x i s .  
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A u n i t  normal  v e c t o r  t o  1 can now b e  drawn. Fo r  s i m p l i c i t y ,  
the mirror a n g l e  w i l l  be  assumed as 30". 
S i n c e  f o r  a u t o c o l l i m a t i o n ,  t h e  OUA mirror p l a n e  2  w i l l  b e  
p a r a l l e l  t o  1 , N 1  x  N2 = C .  A b a l l  mount d i a m e t e r  error i n  the 
long a x i s  (i) w i l l  c a u s e  a  r o t a t i o n ,  9 ,  a b o u t  t h e  s h o r t  (j) a x i s ,  
changing  t h e  o r i e n t a t i o n  o f  t h e  OUA mirror p l a n e  and thus e s t a b l i s h  
I 3 w i t h  u n i t  normal  v e c t o r .  
~3 = s i n  4 i + 1/2 j + cos 4 k where N j  i s  N 2  r o t a t e d  a b o u t  S 
t h e  j a x i s  i n  t h e  p o s i t i v e  i d i r e c t i o n .  
The a n g l e  between t w o  p l a n e s  i s  t h e  same a s  t h a t  between t h e i r  
normal v e c t o r s .  
The j a x i s  r o t a t i o n  o f  the t r u n n i o n  mirror p l a n e  must  be re- 
s o l v e d  i n t o  SDA-coupled and TDA-coupled components. T h i s  i s  ac- 
compl ished by f i r s t  r o t a t i n g  N i n t o  t h e  j-k p l a n e  a b o u t  t h e  k 
( S D A )  - a x i s  so tha t  N4 i = 0.  $here  f o r e ,  
- 2 1 
N4 - 7 3 ~ i n  ~ + , ~ j +  cos @ k 
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2 1 
-1 3 s i n  o + 7 r 
OII - C O ~  N4 N j =  - T S ~ "  @ + m z + i ~ O S 2  @ 
2 for s m a l l  @*, S i n  @ a 0 
t h e r e f o r e  @, = COS-l a 
2 COB $l = ~ + C O S Z Q  
I t  becomer e v i d e n t  t h a t  as t$ approaches  z e r o ,  t$, also ap- 
proaches  z e r o  b u t  a t  a f a s t e r  rate,  which means t h a t - o n l y  a r m a l l  
f r a c t i o n  of t h e  b a l l  mount induced  error appeaws as SDA z e r o  c~lr.ror. 
Trunnion-coupled etror can be found by t a k i n g  Nq and notintr  
what t h e  r o t a t i o n  o f  Nq abou t  t h e  i (TDA) axis w i l l  restore Nq to  
the or  g i n a l  p o s i t i o n  o f  N 1 ,  hence ,  
I 
i 
-1 Nq ' N @ t  = Cos = N4 Nl 
N4 ' N1 
3 2 1 
-1 , S i n  @ + T 
= C o s  3 @t + T cos 0 
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2 for s m a l l  a n g l e s  o f  $, S i n  $ : 0 
l + C o s  0 a n d C o s  O t m T
From the preced ing  e q u a t i o n s ,  i t  i s  shown t h a t  o n l y  a s m a l l  
p e r c e n t a g e  of b a l l  mount e r r o r  p r o p a g a t e s  i n t o  t h e  TDA. The 
mounting b a l l s  a r e  checked ,  a s  p a r t  o f  t h e  PTF c e r f i t i c a t i o n ,  u s i n g  
JDQ 03042 which r e q u i r e s  s p h e r i c i t y  and e q u a l  diameters w i t h i n  
0.000010 i n c h .  The worst case a n a l y s i s  o f  b a l l  mount t o l e r a n c e  
y i e l d s  a @ o f  0 .21 a r c  s econd ,  w i t h  a r e s u l t i n g  €Is and Ot o f  less 
I than 0 .21 see. \ 
PTP REPEATABILITY - The ~ r > c i s i o n  T e s t  F i x t u r e  (PTF) , PN 
1016910, i s  a m a s s i v e ,  p r e c i s i o n  f i x t u r e  f o r  t e s t i n g  t h e  OUA. The 
OUA i s  mounted t o  t h e  f i x t u r e  by means o f  t h r e e  p r e c i s i o n  b a l l s .  
I t  h a s  been proven i n  t h e  p r e v i o u s  pa rag raphs  t h a t  t h e  mounting 
b a l l s  do n o t  a f f e c t  r e p e a t a b i l i t y .  
The p o r t i o n s  o f  t h e  PTF d i r e c t l y  i n v o l v e d  w i t h  t h e  SXT SDA 
measurement are t h e  Azimuth Mirror Assembly, PN 1016920, and t h e  
r o t a r y  t a b l e ,  PN 1017438, see F i g u r e s  4-31 and  4-32. 
The Azimuth Mirror i s  checked as p e r  JDQ 03047, KPS 1 1 K  
10169 0 ,  and  t h e  a n g l e  o f  the mirror is checked to w i t h i n  one  arc 
second.  The rotary table i s  checked and c a l i b r a t e d  as p e r  JDQ 
03051 o f  the same KPS, and t h e  z e r o  p o s i t i o n  is  calibrated to  
w i t h i n  one  second  o f  arc, 
Reviews of T e a t  Equipment r e c o r d s  i n d i c a t e  t h a t  n e i t h e r  t h e  
Azimuth Mirror n o r  t h e  t u r n t a b l e  r e q u i r e  f r e q u e n t  a d j u s t m e n t  or  
r e c a l i b r a t i o n .  They are checked e a c h  t i m e  an  o p t i c a l  u n i t  under- 
goes  f i n a l  t e s t i n g .  I n  a d d i t i o n ,  a l l  tests on  any s i n g l e  OUA are 
performed on  t h e  same PTF so t h a t  v a r i a t i o n s  between PTF's need 
n o t  he c o n s i d e r e d  a t  t h i s  p o i n t .  
The p rocedure  f o r  measur ing t h e  SXT SDA z e r o  r e q u i r e s  t h a t  t h e  
r o t a r y  table be a d j u s t e d  c lockwise  to  t h e  desired p o s i t i o n .  I f  
t h e  desired p o s i t i o n  is  p a s s e d ,  t h e  table must  be rotated coun te r -  
c lockwise  a t  l eas t  5 d e g r e e s  p a s t  t h e  p o s i t i o n ,  and t h e  desired 
s e t t i n g  approached from t h e  c l o c k w i s e  d i r e c t i o n .  T h i s  e l i m i n a t e s  
any errors o f  r e p e a t a b i l i t y  due to  b a c k l a s h  i n  t h e  rotary table 
mechanism. 
T h e r e f o r e ,  i t  i s  p o s s i b l e  that  t h e  PTF can  c a u s e  an uncer-  
t a i n t y  o f  t w o  s econds  i n  t h e  worst case. 
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SXT EYEPIECE AND 
AUTOCOLLIMATOR LAMP 
8XT 18X AND 1X RSVR ROTOR 
THREADED mCKRING 
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Figure 4-  31 .  SXT SDA Resolver Alignment Relationships I - 
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FUNCTIONAL TESTER - The F u n c t i o n a l  Tester c o n t a i n s  t h e  fohlow- 
i n g  r e s o l v e r  tes t  equipment ,  manufac tured  by G e r t s c h  P r o d u c t s ,  I n c .  
of L o s  Ange les ,  C a l i f o r n i a :  
Phase  Angle Voltmeter (PAV) 
G e r t s c h  d e s i g .  1586R, NASA Dwg. 1017451 
Decade Reso lve r  Br idge  (DRB) 
G e r t s c h  d e s i g ,  1587R, NASA Dwg. 1017452 
Angular  D i sp l ay  Un i t  (ADO) 
G e r t s c h  des ig .  1588R, NASA Dwg. 1017453 
The Decade Reso lve r  Br idge  ( D R B )  is a p r e c i s i o n  t r a n s f o r m e r  
i n s t r u m e n t  which produces  an o u t p u t ,  or  error, v o l t a g e  when set  to  
a n  a n g u l a r  p o s i t i o n  which d i f f e r s  from t h e  e q u i v a l e n t  a n g u l a r  
p o s i t i o n  o f  t h e  s i g n a l  a t  ~ t s  i n p u t .  When measur ing  t h e  SXT SDA 
p o s i t i o n ,  t h e  16X r e s o l v e r  o u t p u t  i s  f e d  t o  the D M  and t h e  o u t p u t  
from t h e  DRB is f e d  t o  t h e  PAV. The DRB is a d j u s t e d  u n t i l  a n u l l  
is  o b t a i n e d  on t h e  PAV. The a n g l e  i n d i c a t e d  on  the ADU t h e n  be- 
comes t h e  f u n c t i o n a l  a n g l e  o f  t h e  r e s o l v e r .  S i n c e  t h i s  measurement. 
i s  made w i t h  a 16X r e s o l v e r ,  t h e  a c t u a l  s h a f t  a n g l e  error is  one- 
s i x t e e n t h  o f  t h e  a n g l e  read on t h e  ADU. 
These r e s o l v e r  measur ing  u n i t s  used i n  t h e  f u n c t i o n a l  tester,  
II 
have a r e s o l u t i o n  o f  3.6 seconds  and an  a c c u r a c y  o f  t w o  s econds .  
The a c c u r a c y  i s  independen t  o f  f u n c t i o n a l  error, t r a n s f o r m a t i o n  
r a t i o  and p h a s e  s h i f t  o f  t h e  r e s o l v e r  under  t e a t .  The s a t i s f a c t o r y  
o p e r a t i o n  o f  t h e s e  u n i t s  are checked as per KPS 11K 216251, JDQ 
03459. T h i s  p r o c e d u r e  c e r t i f i e e  the equipment  t o  t h e  accu racy  de- 
scribed above. 
I 
I T h e r e f o r e ,  t h e  u n c e r t a i n t y  i n  SXT SDA measurement c o n t r i b u t e d  by t h e  F u n c t i o n a l  Tester i s  assumed to  be t h e  3.6 second  r e s o l u t i o n  
d i v i d e d  by t h e  1 6  s p e e d  s t ep -up  t h e  resolver, or  0.22 seconds .  
OPERATOR REPEATABILITY - O p e r a t o r  error c o n t r i b u t i o n s  t o  t h e  
t e s t  data t a k e n  i n  performance o f  JDQ 03357, SXT SDA a c c u r a c y ,  were 
de t e rmined  by examin ing  e i g h t  d a t a  s h e e t s  conce rned  w i t h  t h e  a b i l i t y  
of e a c h  p a i r  o f  o p e r a t o r s  to  r e p e a t  t h e  same r e a d i n g .  Four d i f -  
f e r e n t  p a i r s  o f  o p e r a t o r s  w e r e  r e p r e s e n t e d  and t h r e e  test  s t a n d s  
were examined i n  ' re e i g h t  d a t a  s h e e t s .  The data  i s  t a k e n  from OUA 
SN 11, S N  1 2  and SN i 3 .  
"he test  p r o c e d u r e  r e q u i r e s  t h a t  t h e  r e p e a t a b i l i t y  between 
r e a d i n g s  be h e l d  to  .013O maximum or 46.8 s e c o n d s ,  d i v i d e d  by 1 6 ,  
which i s  2.92 s econds .  
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 he s p r e a d s  on the d a t a  sheets vary  from 0 .89  second t o  1 . 8  
s e c o n d s ,  which i s  somewhat less t h a n  t h e  2.92 seconds  a l lowe6 .  The 
s t a n d a r d  d e v i a t i o n s  on t h e s e  sets o f  r ead ing9  varies from 0 . 3 3  t o  
0 . 7 8  seconds  (see Tab le  4 - 1 4  f o r  d a t a  summary). T h i s  i n d i c a t e s  
t h a t  a r e p e a t  run  o f  any d a t a  c o u l d  d i f f e r  from t h e  i n i t i a l  run by 
0 . 7 8  x 2 = 1.56 second  i n  6 3  p e r c e n t  of a l l  tests ,  and i f  a 2a o r  
9 5  p e r c e n t  c ~ r ~ f i d e n c e  i s d e s i r e d ,  the v a r i a t i o n  c o u l d  be  as much as 
3,12 seconds .  
T a b l e  4 - 1 4  
SXT SDA TEST DATA SUMMARY 
Spread  S t d .  Dev. 20 Spread 
Run 
- OUA SN a (set) (eec) (set) 
I 
I Average 1 .27 0.48 1 .9  
I t  i s  d i f f i c u l t  t o  a s s i g n  an u n c e r t a i n t y  f i g u r e  to t h e  oper -  
ator b a s e d  upon t h i s  l i m i t e d  d a t a .  R e a l i z i n g  that  t h e  v a r i a t i o n s  
examineu h e r e  i r . c l u d e  the one second  u n c e r t a i n t y  i n  s e t t i n g  t h e  
r o t a r y  t a b l e  must  be t a k e n  i n t o  accoun t .  A c o n s e r v a t i v e  estimate 
uses  the maximum 2 0  s p r e a d ,  and s u b t r a c t s  the rotary table  un- 
c e r t a i n t y  w i t h  a r e s u l t i n g  2.1 second  u n c e r t a i n t y  a s s i g n e d  t o  t h e  
o p e r a t o r .  
KOLLSMAN INSTRUMENT CORPORATION 
From the d a t a  summary, i t  is  e v i d e n t  t h a t  t h e  e r r o r  s p r e a d  i s  
n o t  a p e r f e c t  i n d i c a t i o n  o f  t h e  u n c e r t a i n t y  i n  t h e  r e a d i n g s ,  how- 
e v e r ,  i t  i s  a usable  c r i t e r i a ,  If t h e  a l lowab le  errar s p r e a d  were 
reduced from 2 , 9 2  seconds t o  about  1 . 5  seconds ,  and t h e  tes t  method 
were improved t o  a l low t h e  t i g h t e r  v a l u e ,  conf idence  i n  t h e  r e s u l t s  
could be i n c r e a s e d .  
CONCLUSIQN - Table  4-15 summarizes a l l  n o n r e p e a t a b i l i t y  con- 
t r i b u t i n g  f a c t o r s .  The f i g u r e s  shown i n  t h e  table r e p r e s e n t  t h e  
worst case  c o n d i t i o n s .  The t e s t  equipment does n o t  appear  t o  be 
the cause s f  t h e  l a r g e  s h i f t s  obse rved ,  f o r  t h e r e  i s  no e r r o r  
source  even approaching t h e  20-second s h i f t  t h a t  was observed i n  
t e s t i n g  AGE 202 .  
The o p t i c a l  u n i t  i t s e l f  is  s u b j e c t  t o  s u s p i c i o n ,  f o r ,  when 
v i b r a t e d ,  t h e  asss inbl ies  , h e l d  ~y screws and l o c k n u t s ,  are capab le  
a f  s h i f t i n g  tb,e few t e n  thousanfl'hs necessa ry  t o  cause t h e  observed 
s h i f t e .  
One method of de te rmin ing  I.f and where a s h i f t  i n  t h e  OUA 
occurs  would be t o  i n s t r u m e n t  a l l  s u s p e c t e d  i n t e r f a c e s  (as w e l l  a s  
some cont inuous  members) w i t h  s t r a i n  g a g e s ,  c a p a c i t o r  s e n s o r s ,  
b i r e f r i n g e n t  c o a t i n g s  and/or scribe l i n e s  where s t l i t a b l e ,  t o  
measure any s h i f t s  d u r i n g  and a f t e r  v i b r a t i o n .  
TO e l i m i n a t e  t h e  e f f e c t  o f  t h e  PTF v a r i a t i o n s ,  t h e  A u x i l i a r y  
PTF can be used  by adding a f i x e d  p l a t e  and azimuth mirror as- 
sembly. Once set up, t h i s  test  f i x t u r e  would n o t  be a d j u s t e d  or  
even handled u n t i l  complet ion o f  the OUA test program. 
Table  4-15 
SXT SBA NONREPEATABXLITY SUMMARY 
T e s t  Equipment 
T e s t  I t e m  
P r e c i s i o n  B a l l s  
PTF T u r n t a b l e  
Azimuth Mir ror  
Func t iona l  Tester 
Opera to r  
Total 
RMS 
Max. N o n r e p e a t a b i l i t y  
0.21 sec. 
1 sec. 
1 eec.  
0.22  sec. 
2.1 sec. 
KOLLWAN INSTRUMENT CORPORATION 
Table 4-15 (Cant.) 
OUA 
-
T e s t  Item 
SXT Head Mounting 
Resolver 
Resolver Rotor Mounting 
Resolver Stator Mounting 
Resolver Housing Mounting 
T r i m  Module 
O t h e r  S t r u c t u r a l  S h i f t s  
Max. Nonrepea t ab i l i t y  
o* 
1 8ec. 
o *  
o* 
o* 
0 .45  sec. 
O f  
*Areas f o r  f u r t h e r  i n v e s t i g a t i o n  
SUMMARY OF OUA TEST DATA - The t e a t  procedure was modif ied t o  
i n c l u d e  t a k i n g  d a t a  on t h e  1 X  r e s o l v e r  o u t p u t  i n  a d d i t i o n  t o  t h e  
16X r e s o l v e r  o u t p u t  as a second check. The SXT SDA ze ro  r e r u l t s ,  
as measured on t h e  O p t i c a l  Uni ts  completed t h i s  q u a r t e r ,  are sum- 
marized as fo l lows : 
AGE 
-
Fina l  T e s t  
I 
i 
Confidence T e s t  +2.9 +7.2 + 5 I 
2012736 Assembly 
I Apparent S h i f t  7.0 sec. 5.5 sec. 20 sec. 
! 
*Unit w a s  reworked. 
SXT SHIFT INVESTIGATION - The O p t i c a l  Uni t  Assembly (OUA) i s  a 
p r ec i s i on  opto-mechanical assembly. The a c c u r a c i e s  and t o l e r a n c e s  
s p e c i f i e d  approach t h e  s t a te  of t h e  a r t  i n  assemblies o f  t h i s  type  
of i n s t rumen t  and are s p e c i f i e d  i n  seconds o f  arc. While t h e  num- 
k b ~ ' r s  being reviewed are as high as 10 arc-secwnds, i t  should  be 
r5membered that  1 arc second is e q u i v a l e n t  to a slope o f  5 x l o o 6  
inches/ inch.  
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W i t h  t h e  review of s h i f t s  that took  place on  AGE 2 0 2  ( S N  1 3 )  , 
i t  became a p p a r e n t  t h a t  a r e a s  n o t  p r e v i o u s l y  c o n s i d e r e d  v u l n e r a b l e  
were i n d e e d  c o n t r i b u t i n g  t o  t h e  SXT SDA and TDA errors. 
D I S C U S S I O N .  O U A ,  S N  1 3 ,  was s u b j e c t e d  t o  t e n  v i b r a t i o n  c y c l e s  
and a c c u r a c y  tes ts  o v e r  a p e r i o d  o f  n e a r l y  t w o  months.  A l l  o f  t h e  
d a t a  t aken  d u r i n g  this p e r i o d  and t h e  s i g n i f i c a n t  e v e n t o  were a s -  
sembled i n t o  t w o  major  g r o u p i n g s ,  d a t a  r e l a t i n g  t o  t r u n n i o n  a n g l e  
measurements and d a t a  r e l a t i n g  to  s h a f t  a n g l e  measurements .  
I n  s p i t e  o f  t h e  large volume o f  data  p r e s e n t e d ,  t h e  f i r s t  i m -  
p o r t a n t  f indi :?g t h a t  must and has been  stressed, i s  t h a t  each  
s u s p e c t e d  f a i l u r e  h i s t o r y  must b e  s u p p o r t e d  by a l l  o f  t h e  data 
w h i c h  can have  b e a r i n g  on t h e  pt hint i n  q u e s t i o n .  Unknowingly, t h e  
a n a l y s i s  o f  S N  1 3  was hampered by t h e  i n c o m p l e t e n e s s  of t h e  d a t a  
and m o s t  o f  what was accompl ished c o u l d  have been  done i n  less t i m e  
w i t h  more comple te  d a t a  a t  each s t a g e .  The r u l e  which h a s  now been 
promulgated  i s  t h a t  a l l  r e l a t e d  a c c u r a c y  measurements  s h a l l  be 
completed  i r r e s p e c t i v e  of f a i l u r e s  a s  a  p r e r e q u i s i t e  t o  any f a i l u r e  
a c t i o n .  
A second  g e n e r a l i z e d  f i n d i n g  o f  t h e  i n v e s t i g a t i o n  w a s  a n  as- 
s ignmen t  ?f d e g r e e s  o f  c o n f i d e n c e  and d e g r e e s  o f  p r e c i s i o n  t o  t h e  
v a r i o u s  measurements made. Conf idence  r a t i n g s  b a s e d  on the d e g r e e  
of r e l i a n c e  on test  equipment  c a l i b r a t i o n  p r o c e d u r e s  and on de- 
pendence on equipment  h a n d l i n g  t e c h n i q u e s  such  as t o r q u i n g  of 
mounting screws, c l e a n i n g  of mounting s u r f a c e s ,  a d j u s t m e n t  o f  il- 
l u m i n a t i o n  and  c o n t r o l  of warmup. P r e c i s i o n  r a t i n g s  are b a s e d  on  
t h e  scale r e a d i n g  d i v i s i o n s  i n v o l v e d  such  as t h e  ADU or  t h e  f i l a r  
micrometer s e t t i n g s  f o r  h i g h  p r e c i s i o n  v e r s u s  v i s u a l  e s t i m a t e s  f r o m  
re t ic le  d imens ions  f o r  ].ow p r e c i s i o n .  The approx imate  r a t i n g s  
f o l l o w  : 
Conf idence  
R e t i c l e  E c c e n t r i c i t y  
Shaf c P e r p e n d i c u l a r i t y  
P l ane  o f  SLOS t o  LLOS 
o r  t o  SDA 
R l i n e  Seg. a t  Self Check 
TDA Angle a t  S e l f  Check 
TDA Zero 
S D A  Zero 
Trim P o t  Ou tpu t  TDA 









(4 .5  mv) 
2 Second 
(4 .5  nv) 
F r e c i s i o n  
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The above l i s t i n g  does  n o t  cove r  a l l  c a s e s  k i s  a  f a i r  e s t i -  
mate based  on v a r i o u s  e f f o r t s  t o  a n a l y z e  p rocedures  used i n  c a l i -  
b r a t i o n  and comparing d a t a  t aken  under  c o n d i t i o n s  t h a t  p r e c l u d e  
s i g n i f i c a n t  change i n  t h e  q u a n t i t i e s  b e i n g  measured.  For  example ,  
11 d e t e r m i n a t i o n s  o f  S D A  p e r p e n d i c u l a r i t y  on S N  1 3  cove red  a s p r e a d  
o f  1 3  s e c o n d s ,  a l l  w i t h i n  s p e c i f i c a t i o n .  Seven o f  t h e s e  were i n  a 
r e g i o n  of  h a l f  t h i s  s p r e a d  and f i v e  were w i t h i n  a s p r e a d  o f  abou t  
t h r e e  s e c o n d s .  
The t h i r d  i t e m  f o r  d i s c u s s i o n  b e f o r e  g o i n g  i n t o  t h e  p a r t i c u l a r s  
of  t h e  t h r e e  u n i t  h i s t o r i e s  i s  t h e  t e c h n i q u e  o f  d a t a  a n a l y s i s  t h a t  
can be used t o  l o c a l i z e  f a i l u r e s .  T h i s  t e c h n i q u e  can  b e  summed up 
' i n  t h r e e  s t a t e m e n t s  : 
a .  Examine r e l a t e d  d a t a  f o r  c o m p a t i b i l i t y .  The incompat i -  
b i l i t y  g i v e s  t h e  c l u e  t o  t h e  cause .  
b .  E s t a b l i s h  t h a t  i n c o m p a t i b i l i t y  i s  o u t s i d e  ' h e  range  o f  
normal  u n c e r t a i n t y  o f  measurement.  
c. When a  t e n a b l e  d i a g n o s i s  h a s  been  d e t e r m i n e d ,  t h e  p a r t s  
t hemse lves  can be examined g i v i n g .  due c o n s i d e r a t i o n  t o  
mechan ica l  p r o b a b i l i t y  where a number o f  c h o i c e s  e x i s t ,  
Mechan ica l  p r o b a b i l i t y  i s  a combina t ion  o f  d e s i g n  and 
v e r i f i c a t i o n  o f  workmanship p r o c e d u r e s .  
The d a t a  h i s t o r y  o f  S N  1 3  p r o v i d e s  s u f f i c i e n t  examples t o  il- 
l u s t r a t e  most, i f  n o t  a l l ,  o f  t h e  ways t h a t  d a t a  a n a l y s i s  c a n  be 
empl. oyed . 
The f i r s t  step i s  to  e s t a b l i s h  the s t a b i l i t y  o f  t h e  re t ic le  
and objective l e n s  r e l a t i o n s h i p  to t h e  s h a f t  ax i s .  On. S N  1 3 ,  11 
measurements o f  re t ic le  e c c e n t r i c i t y  are recorded, a l l  under  3 
s econds  o f  arc and a l l  f a l l i n g  i n t o  app rox ima te ly  the same d i r e c t i o n  
' of t h e  e c c e n t r i c i t y  r e l a t i v e  t o  t h e  t r u n n i o n  measurement p l a n e .  
T h e r e f o r e ,  d i a g n o s i s  can s t a r t  on t h e  assumpt ion  t h a t  t h i s  q u a n t i t y  
I w h i c h  is  measured w i t h  h i g h  con f idence  and p r e c i s i o n  is stable.  I f  
I lt w e r e  n o t  s t a b l e ,  it would be a  f a c t o r  i n  i udg ing  s h a f t  s h i f t s  
and i n  r e l a t i n g  TDA measures  r e l a t i v e  t o  t h e  LLOS by comparison t o  
sc l  f - c o l l i m a t i o n  measurements of TDA s i n c e  o n l y  t h e  l a t t e r  depend 
on the r e t i c l e ,  o b j e c t i v e  and s h a f t  r e l a t i o n s h i p .  
The s e c o n d  s t e p  i s  t o  examine SDA p e r p e n d i c u l a r i t y  d a t a  f o r  
changes  i n  t h e  l a t e r a l  d i r e c t i o n .  S i g n i f i c a n t  changes  i n  t h i s  
d i r e c t i o n  are  very  uncommon b u t  s h o u l d  be e l i m i n a t e d  i n  t h e  p r o c e s s  
of  s e e k i n g  c a u s e  o f  SDA f a i l u r e s .  P e r p e n d i c u l a r i t y  v a r i a t i o n s  o f  
SDA are very common i n  t h e  up-down d i r e c t i o n  because  of t h e  s h o r t e r  
, base o f  t h e  mounting i n  t h i s  d i r e c t i o n ,  b u t  t h e s e  s h i f t s  have  no 
effect on t h e  e v a l u a t i o n  o f  o ther  d a t a .  I n  S N  1 3 ,  t h e  l a t e ra l  
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s p r e a d  of t h i s  d a t a  w a s  abou t  4 seconds  i n  11 measurements and 
there fore i n s i g n i  f i c a n t  . Note t h e  e a r l i e r  r e f e r e n c e  which i n c l u d e d  
the up-down v a r i a t i o n .  
The d a t a  on r e t i c l e  e c c e n t r i c i t y  and s h a f t  p e r p e n d i c u l a r i t y  i s  
i n  the a c c e p t a n c e  d a t a  package and 13 n o t  r e p e a t e d  i n  t h i s  r e p o r t .  
TDA DATA ON S N  13 .  The TDA d a t a  on S N  1 3  i e  a d i f f e r e n t  mat- 
t e r ,  w i t h  e v e n t s  o f  i n t e r e s t  f o l l o w i n g  v i b r a t i o n s  No. 1, N o .  4 ,  
No. 5 ,  No. 6 ,  ,o. 7.. N o .  8 and p o s s i b l y  N o .  9 .  
The e v e n t  f o l l o w i n g  v i b r a t i o n  N o .  1 was r e c o r d e d  as a t r u n n i o n  
s h i f t  and w a s  re t r immed.  The s h i f t  w a s  n o t  due  t o  t r i m  p o t  change 
which remained c o n s t a n t .  I t  was n o t  due  e i t h e r  t o  a mechanica l  
s h i f t  between the t r u n n i o n  m i r r o r  and t h e  t r u n n i o n  6 4 X  r e s o l v e r  
r o t o r  b u t  to a s h i f t  o f  t h e  f i x e d  mirror which is  a d j u s t e d  by lap- 
p ing  o f  pads a c c o r d i n g  t o  t h e  e v i d e n c e  o f  t h e  measurements.  The 
c l u e  is t h a t  t h e  s h i f t  measured a t  t h e  s e l f  check ( 90 '  TDA) p o s i -  
t i o n  i s  twice t h a t  i n d i c a t e d  i n  t h e  TDA O 0  p o s i t i o n .  T h i s  rela- 
t i o n s h i p  between the changes  does  n o t  r e c u r  s u b s e q u e n t l y  i n  t h e  
d a t a  a n d  may be a s c r i b e d  to  t h e  dislodgeme1 '- o f  some f o r e i g n  ma- 
t e r i a l  on one  o f  t h e  mirror pads.  More r e c e n t  s t u d i e s  o f  S N  1 7  
have uncovered the p r o b a b l e  cause  and c u r e  o f  t h i s  c o n d i t i o n .  
(Th i s  w a s  c o r r e c t e d  by implerrienting a shop  change t o  a l levia te  t h e  
problem. ) 
V i b r a t i o n s  N o .  2 and N o .  3 had no e f f e c t  o n  TDA b u t  N o .  4 
showed a change which ,  though small,  w a s  g r e a t e r  t h a n  t h e  uncer-  
t a i n t y  of measurement and l e d  t o  an i n v e s t i g a t i o n  series o f  tests 
i n  which a d d i t i o n a l  d a t a  t a k i n g  p r o c e d u r e s  and  c o n t r o l s  were i n -  
s t i g a t e d .  The new series added measurements o f  TDA a t  O 0  w i t h  t h e  
t r i m  pot  d i s c o n n e c t e d .  The changes which were obse rved  re la t ive  t o  
t r u n n i o n  showed e q u a l l y - a t  O 0  and 90°  and untrimmed a t  O 0  i n d i -  
c a t i n g  t h a t  the f a u l t  l a y  between the index mirror and t h e  64X re- 
s o l v e r  rotor.  Trim v o l t a g e  was n o t  mon i to red  b u t  it c a n  b e  s a f e l y  
presumed t o  remain  c o n s t a n t  s i n c e  i t  had  n o t  been  h a n d l e d  f o r  po t -  
t i n g  a n d  b e c a u s e  t h e  untrimmed d a t a  fo l l owed  t h e  trimmed d a t a .  
The i n v e s t i g a t i o n  a t  t h e  end  o f  t h e  series found the r e s o l v e r  rotor 
t i g h t  on  the t r u n n i o n  and a sizable amount o f  f o r e i g n  matter  under  
a pad o f  t h e  i n d e x  mirror. A t  t h i s  p o i n t ,  i t  is  i m p o r t a n t  to n o t e  
t h a t  t h e  f a c t  t h a t  S D A  errors were a l s o  p r e s e n t  w a s  i m p o r t a n t  i n  
d e t e r m i n i n g  t h a t  t h e  fault would l i e  a t  t h e  mirror pad i n t e r f a c e  
w i t h  the t r u n n i o n  r a t h e r  t h a n  a t  the 6 4 X  r e s o l v e r  rotor i n t e r f a c e .  
 he l a s t  o f  t h e  e v e n t s  a s s o c i a t e d  w i t h  a v i b r a t i o n  w a s  shown 
t o  be e r r o n e o u s l y  cha rged  t o  t h e  v i b r a t i o n ,  a t  least  as the major 
cause. A t  t h i s  po- in t ,  t h e  m o n i t o r i n g  o f  t h e  T r i m  P o t  o u t p u t  w a s  
b e l a t e d l y  f aken  up a f t e r  b e i n g  n e g l e c t e d  from t h e  t r i m  f o l l o w i n g  
vibration N o .  2 .  When t h e  shifts a p p e a r i n g  < , r i n g  v i b r a t i o n  N o .  8 
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w t 3 x - e  r e z e r o e d  by t h e  t r i m  p o t  and i t s  v o l t a g e  measured,  i t  was 
tound t o  check w i t h  t.he v a l u e  i t  had d u r i n g  t h e  p e r i o d  o f  TDA 
- . t :abl l i ty  a t  zero. A l l  o t h e r  data on TDA was b r o u g h t  back t o  
. ,qreement by t h i s  o p e r a t i o n .  Fur thermore ,  the d i  f  f  i c u l  t y  was 
+ r , ~ c e d  t o  t h e  p o t t i n g  a s  even p a r t i a l  removal o f  t h e  p o t t i n g  a f -  
fected t h e  t r i m  o u t p u t .  
A s  a r e s u l t  o f  t h i s  series, t h e  f o l l o w i n g  permanent  c o r r e c t i v e  
measures w e r e  p u t  i n t o  e f f e c t :  
a. C l e a n i n g  of a l l  p a r t s  i n v o l v e d  i n  t h e  mounting of t h e  
I mirrors and beamsp1.i t.ter. 
b.  M o n i t o r i n g  o f  t h e  f l a t n e s s  and q u a l i t y  o f  t h e  c r i t i c a l  
s u r f a c e s .  T h i s  c o n t r o l  led t o  f u r t h e r  corrective measures 
a s  i t  h a s  been de t e rmined  t h a t  t h e  mirror bush ing  may 
damaqe t h e  pad due  t o  i n s u f f ~ c i e n t l y  smooth s u r f a c e  
f l n i s h .  
c. M o n i t o r i n g  trim pot  output. a f t e r  p o t t i n g .  
d .  ~ u n n i n g  a l l  tests n e c e s s a r y  for f u l l  i n v e s t i g a t i o n  o f  
f a i l u r e s .  
e. Use of t w o  v i b r a t i o n  r u n s  a s  a means o f  i n d i c a t i n g  
s t a b i l i t y  o f  Lhe o v e r a l l  sys tem.  
S D A  SHlFTS ON S N  13 .  To a l l  of t h e  f a c t o r s  which may be i n -  
volved i n  a TDA s h i f t ,  u n c e r t a i n t i e s  o f  an i n v o l v e d  PTF c e r t i f i -  
- 
t : a t ~ o n  p rocedure  must  be added a more complex i n t e r r e l a t i o n  between 
! n d r x  mlrror s h i f t s ,  and e f f e c t s  of reticle e c c e n t r i c i t y  and SDA 
, ~ i . r p e n d l c u l a r i t y  i n  analyzing SDA s h i f t s .  Only t h e  l a s t  two .ere 
, - ~ r n p i r t e l y  removed from t h e  s u s p e o t  l i s t  on  S N  1 3 .  PTR c e t t i f i -  
~ l t  ~ n n ,  t h o u q h  the most  c h r o n i c  o f f e n d e r ,  see S N  1 4 ,  d i d  n o t  p l a y  
, m  ~ m p n r t a n t  p a r t  i n  the SN 1 3  i . n v o s t i g a t i o n .  
I 
~ h c  SDA h i s t o r y  o f  SN 1 3  shows that t h e  u n i t  d i d  n o t  s h i f t  
t .:lrrlng tile No. 0 and N o .  v i b r a t i o n s  b u t  showed a l a r g e  change 
. ~ f t e r  vibration N o .  2 which was ~ n s l g n r f l c a n t l y  r e f l e c t e d  i n  t h e  
1 ,iata shown f o r  t h e  R l i n e  s e p a r a t . l o n  a t  the s e l f  check p o i n t  o r  
I "LOS t o  SDA a t  z e r o .  The t r i m  o u t p u t  was a l s o  s t a b l e .  The d i f -  
t ~ c u l t - y  was presumed,  correct, according t o  this d a t a ,  t o  be a 
. , ' ~ l f t  of the SXT head r e l a t i v e  t o  tile 16X r e s o l v e r  rotor. The 
rhrco screws which s e c u r e  this r o l a t i o r ~ s h i p  were t i g h t e n e d  p e r  MIT/ 
r L  recommendation and  the N o .  3 v i b r a t i o n  which fo l lowed  a g a i n  
I . -aused a  change of smaller magnitude w i t h  somewhat less c o n c l u s i v e  
i s o l a t i o n  of c a u s e  and  e f f e c t .  The N o .  4 v i b r a t i o n  i n d i c a t e d  a 
<.ett . l i -nq down which i s  s l l m  e v i d e n c e  o f  t h e  v a l u e  o f  t h e  r e v i s e d  
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t o r q u i n g  p r o c e d u r e  s i n c e  t h e  u n i t  had  behaved a t  l e a s t  a s  w e l l  f o r  
t h e  f i r s t  t w o  v i b r a t i ~ n  c y c l e s  before t h e  r e t o r q u i n g .  
I n  t h e  series o f  t h r e e  v i b r a t i o n s ,  N o .  5 ,  N o .  6 and  N o .  7 ,  
run  f o r  e n g i n e e r i n g  s t u d y ,  an  e n t i r e l y  new se t  o f  c o n d i t i o n s  w a s  
m a n i f e s t e d  i n  which  t h e  p r e v i o u s l y  stable S L O S  t o  SDA a n d  L L O S  con- 
d i t i o n  was r a d i c a l l y  a l t e r e d  and  t h e  R l i n e  s e p a r a t i o n  a t  s e l f  
check  a l s o  i n c r e a s e d  beyond t h e  r a n g e  which  c o u l d  be an e r r o r  o f  
measurement  . 
These  s h i f t s  were a l l  i n  the same d i r e c t i o n  and  s u b s e q u e n t l y  
t h e i r  r e l a t i v e  m a g n i t u d e  was u s e d  t o  show t h a t  t h e y  were a l l  con- 
s i s t e n t  with a c h a n g e  i n  t h e  a n g l e  be tween  t h e  normal  t o  t h e  t r u n -  
n i o n  mirror and a p l a n e  normal  t o  t h e  t r u r i n i o n  a x i s .  By t r a c i n g  
o u t  t h e  s p h e r i c a l  t r i g o n o m e t r y  o n  a model i t  was shown t h a t  a u n i t  
change  i n  this a n g l e  w i l l  p r o d u c e  1 . 4  u n i t s  o f  change  i n  t h e  SLOS 
to  SDA measurement  a t  z e r o  and  2 . 2  u n i t s  o f  change  i n  t h e  SDA z e r o  
measurement .  I f  due  a l l o w a n c e  i s  made f o r  a t e n d e n c y  to  under-  
estimate measurement s  o f  t h e  R l i n e  s e p a r a t i o n  a t  s e l f  check  b a s e d  
on l i n e  t h i c k n e s s  judgment , t h e  c h a n g e s  o c c u r r i n g  a f t e r  v i b r a t i o n  
N o .  5 ,  N o .  6 and  N o .  7 a r e  n o t e d  t o  f o l l o w  t h i s  r a t i o  c l o s e l y .  I n  
a d d i t i o n  t o  t h i s  e v i d e n c e ,  r e a s o n i n g  from t h e  mirror pad  c o n f i g u r -  
a t i o n ,  an SDA s h i f t  from t h i s  c a u s e  is  q u i t e  c e r t a i n  t o  be accom- 
p a n i e d  by a TDA s h i f t .  T h i s  h e l d  t r u e  i n  t h i s  case as o n e  o f  t h e  
p a d s  i n t e r f a c i n g  t h e  t r u n n i o n  mirror a n d  i t s  mount was d i r t y  a n d  
t h o r o u g h  c l e a n i n g  e l i m i n a t e d  f u r t h e r  l a r g e  s h i f t s  from this s o u r c e .  
S u b s e q u e n t  w o r k  i n  t h i s  a r e a  h a s  shown t h e  n e e d  t o  f u r t h e r  re- 
f i n e  p r o c e d ~ r e s  a n d  e x a m i n a t i o n  o f  s u r f  aces so t h a t  f u t u r e  u n i t s  
s h o u l d  be a b s o l u t e l y  s table a t  t h e  i n t e r f a c e  o f  a l l  mirrors a n d  
t h e i r  mounts  . 
O p t i c a l  U n i t  Assembly,  S N  1 4 ,  w a s  b u i l t  a n d  tested concur-  
r e n t l y  w i t h  S N  1 3  so t h a t  t h e  e x p e r i e n c e  g a i n e d  f rom o n e  would b e  
c a r r i e d  over to  t h e  o t h e r .  However, n o t  a l l  the l e s s o n s  l e a r n e d  
from S N  1 3  w e r e  a v a i l a b l e  i n  t i m e  t o  a p p l y  t h r o u g h o u t  t h e  test  
c y c l e  o f  SN 1 4 .  
The d i f f e r e n c e s  are  a s  e x p e c t e d  u n d e r  t h e  c i r c u m s t a n c e s  - 
f e w e r  cases o f  i n a d e q u a t e  d a t a ,  ea r l i e r  c o r r e c t i o n  o f  t h e  f a i l u r e s  
t h r o u g h  e a r l i e r  r e c o g n i t i o n  and  a f i n a l  r e s u l t  c l o s e l y  p a r a l l e l i n g  
the p e r f o r m a n c e  o f  SN 1 3 .  
The s i g n i f i c a n t  r e s u l t s  on t h i s  u n i t  are t h o s e  c o n c e r n e d  w i t h  
t h e  f i r s t  v i b r a t i o n .  Here a large d i f f e r e n c e  i s  o b s e r v e d  i n  t h e  
TDA a t  z e r o  which  c o n t r a s t s  w i t h  a change  i n  t h e  opposite d i r e c t i o n  
for TDA a t  s e l f  check .  When u n c e r t a i n t i e s  o f  measurement  are de- 
d u c t e d  from t h i s  d i f f e r e n c e ,  i t  is  st111 o b v i o u s  t h a t  a f i x e d  m i r -  
r o r  mus t  be i n v o l v e d  i n  t h e  shift s i n c e  t h e  ' -do-to-one r e l a t i o n s h i p  
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between the e f f e c t  o f  f i x e d  mirror s h i f t  v e r s u s  i n d e x  mirror s h i f t  
1 s  the only mechanism d i s c o v e r e d  fo r  c a u s i n g  t h e  c h a n g e s  i n  t h e s e  
measurements  t o  b e  i n  t h e  o p p o s i t e  d i r e c t i o n .  F u r t h e r m o r e ,  s i n c e  
fixed mirror c h a n g e s  a t  o n l y  one  pad  w i l l  r e s u l t  i n  S D A  c h a n g e s ,  
the f a u l t  on the f i x e d  mirror had t o  be  on  more t h a n  o n e  pad.  T h i s  
r a t i o n a l i z a t j . o n  was s u p p o r t e d  by t h e  a c t u a l  f i n d i n g s  and c l e a n i n g  
up the i n d e x  mirror p a d s  a n d  t h e  mount ing  o f  t h e  fixed mirror on 
which l a p p i n g  a d j u s t m e n t s  are  made, t h e  s e r i o u s  s h i f t s  were e l i -  
m i n a t e d .  Aga in ,  as  n o t e d  i n  t h e  d i s c u s s i o n  of S N  1 3 ,  newer  f i n d i n g s  
showing how t h i s  damage comes a b o u t  and better c o n t r o l s  o f  t h e s e  
s u r f a c e s  are e x p e c t e d  t o  e l i m i n a t e  t h e  smaller r e s i d u a l s  of i n -  
s t a b i l i t y  which c a n  b e  d i s c e r n e d  by compar ing  t h e  c h a n g e s  t h r o u g h o u t  
t h e  r e m a i n d e r  o f  t h i s  s t u d y .  
Data t a k e n  on t h i s  unit showed t h e  v a l u e  of m e a s u r i n g  t r i m  
o u t p u t  v o l t a g e  a n d  m e a s u r i n g  t h e  untr immed SDA a n d  TDA z e r o e s .  
O n l y  h a v i n g  t h e s e  d a t a  on f i l e  s a v e d  t h i s  u n i t  f rom more f r u i t l e s s  
r e i n v e s t i g a t i o n .  A l s o ,  a t  t h e  l a s t  s t a g e  o f  t e s t i n g  a n  error was 
measured  i n  t h e  PTF SDA Zero c e r t i f i c a t i o n .  T h i s  s u s c e p t i b i l i t y  
t o  c h a n g e ,  added  t o  t h e  u n c e r t a i n t y  o f  e x a c t  r e c a l i b r a t i o n ,  i s  a  
problem which  has o n l y  p a r t i a l l y  s o l v e d  by  a d d i t i o n a l  cross c h e c k s  
i n  t h e  c e r t i f i c a t i o n  p r o c e d u r e .  
The d a t a  o n  S N  1 5  i n d i c a t e d  t h a t  none o f  t h e  c h a n g e s  show 
t r e n d s  a n d  o n l y  t w o  , a re  s l i g h t l y  o v e r  t h e  u s u a l  u n c e r t a i n t i e s  o f  
measurement .  The c h a n g e s  t o  SDA, TDA a t  O 0  and  9 Q 0  a t  t h e  date of 
1 7  May are t h e  r e s u l t  o f  t r i m  and  n o t  t o  be c o n f u s e d  w i t h  v i b r a t i o n  
c h a n g e s .  The t w o  q u e s t i o n a b l e  c h a n g e s  a re  the TDA a t  90°  change  
from 34 t o  29 a f t e r  v i b r a t i o n  N o .  2 arid t h e  SDA O 0  untrimmed from 
+ 4 . 5  t o  -1.2 a f t e r  v i b r a t i o n  N o .  3. N o  pos i t ive  e x p l a n a t i o n  c a n  
be o f f e r e d  f o r  t h e s e  c h a n g e s  o t h e r  t h a n  to p o i n t  o u t  t h a t  t h e y  are 
is01 a t e d  i n c i d e n c e s  a n d  unconf inned b y  compar i son  t o  o t h e r  changes .  
An e x a m i n a t i o n  02 t h e  v i b r a t i o n  i n t e g r i t y  c u r v e s  f o r  t h e  c jm- 
p l e  te tes t  c y c l e  i n d i c a t e d  no  out-of - t o l e r a n c e  c o n d i t i o n s  i n  e i t h e r  
TDA o r  SDA "0" o f  SN 1 6  e x i s t e d ,  w i t h  less t h a n  a t w o  a r c - s e c o n d  
t o t a l  s h i f t  i n  TDA "0". N o  retrim a d j u s t m e n t  w a s  r e q u i r e d  d u r i n g  
the t e s t i n g  o f  t h i s  u n i t .  
SUMMARY AND CONCLUSIONS. The v i b r a t i o n  i n t e g r i t y  test  r e s u l t s ,  
have shown the t r e n d  o f  v i b r a t i o n  s h i f t s  f o r  SXT TDA and SDA "0"s 
for t h e  u n i t s .  A compar i son  o f  r e s u l t s  f o r  S N  13 ,  S N  1 4 ,  SN 1 5  and  
S N  1 6  showed a s i g n i f i c a n t  r e d u c t i o n  i n  the s h a f t  a n d  t r u n n i o n  
s h i f t s  f rom u n i t  t o  u n i t  due  to  s t e a d i l y  improved a s s e m b l y  tech- 
n i q u e s  a n d  a d d i t i o n a l  c o n t r o l s .  
~t s h o u l d  be n o t e d  t h a t  t h e  c a r e f u l  a n a l y s i s  a n d  i n t e r p r e t a t i o n  
of t e s t  da ta  h a s  p r o v e n  a n  i n v a l u a b l e  a i d  i n  f o c u s i n g  a t t e n t i o n  o n  
s u s p e c t e d  problem a r e a s .  
KOLLSMAN INSTRUMENT CORPORATION 
Although t h e  magnitude o f  S X T  S D A  and TDA s h i f t s  have  been 
g r e r i t l y  reduced  by i n c r e a s e d  mounting t o r q u e  v a l u e  f o r  t h e  S X T  
head and c a r e f u l  mon i to r ing  of mirror mounting s u r f  aces, f u r t h e t  
r e d u c t i o n s  c a n  o n l y  be  ach i eved  by implement ing d e s i g n  changes  i n  
the OUA and improvements i n  c e r t i f i c a t i o n  and m o n i t o r i n g  p rocedures  
on the test equipment .  These d e s i g n  changes  and p rocedure  changes 
w i l l  e n t a i l  a c o s t  impact  on the program. K I  recommend8 t h a t  t h e  
OUA p r o d u c t i o n  be c o n t i n u e d  w i t h  t h e  f o l l o w i n g  a c t i o n s  t h a t  are 
a l r e a d y  i n c o r p o r a t e d  i n t o  t h e  d e s i g n  and p r o c e d u r e s :  
a. I n c r e a s e d  t o r q u e  v a l u e s  on screws. 
b.  Two v i b r a t i o n  c y c l e s  d u r i n g  f i n a l  assembly and s e l l - o f f .  
c. I n s p e c t i o n  o f  mirror and mirror mounting s u r f a c e s  tor  
c l e a n l i n e s s ,  f l a t n e s s ,  and q u a l i t y  o f  f i n i s h .  
d. Review i n  dep th  o f  a l l  s h i f t s  o c c u r r i n g  d u r i n g  t e s t i n g  t o  
i so la te  and correct t h e  s h i f t  c a u s e .  
SXT HEAD SHIFT PREVENTION. I n  order to  p r e v e n t  p o s s i b l e  s h i f t s  
between t h e  SXT Index  Head Assembly and t h e  SXT Telescope Tube A s -  
sembly,  an i n v e s t i g a t i o n  o f  methods of s t r e n g t h e n i n g  t h e  i n t e r f a c e  
was performed.  
The eas ies t  change was to  i n c r e a s e  the t o r q u e  on t h e  t h r e e  
No. 10-32 screws t h a t  h o l d  t h e  SXT head  t o  t h e  telescope tube. 
Tests were pe r fo rmed ,  and it w a s  found t h a t  t h e  screws f a i l  a t  95  
inch-pounds,  and t h e  b e r y l l i u m  h o l e s  were n o t  damaged. Based upon 
these r e s u l t s ,  t h e  p r o d u c t i o n  t o r q u e  r e q u i r e m e n t s  were i n c r e a s e d  
from 2 4  t o  49 inch-pounds. 
1. Double Diamond 'p in  Method. A t t e n t i o n  w a s  t h e n  focused  o n  
the d i m e n s i o n a l  t o l e r a n c e s  o f  t h e  Diamond P i n  (1011769) and D o w e l  
P in  (MS 16555-640) wh ich  a r e  mounted o n  t h e  Te l e scope  Tube Assembly 
I 
(20 11 89 3 )  and t h e i r  r e s p e c t i v e  c l e a r a n c e  h o l e s '  on . t h e  S e x t a n t  Head 
Iiousing (2011252) . 
t 
I The above t o l e r a n c e s  add up to  a t o t a l  o f  0.002 which,  o v e r  a 
I 
I span of 2.7717 * 0.0004 ( d i s t a n c e  between t w o  p i n s ) ,  w i l l  p e r m i t  
an a n g u l a r  d i s p l a c e m e n t  of 2.5 minu te s .  
S i n c e  the t o l e r a n c e  on t h e  d i s t a n c e  between t h e  t w o  p i n s  (d i -  
mension 2.7717 2 0.0004,  see d e t a i l  3 o f  F i g u r e  4-33) i n  t h e  Tele- 
scope  Tube Assembly (2011893) and the d i s t a n c e  between the  c l e a r a n c e  
holes i n  t h e  SXT Head Housing (2011252) 'can n o t  be changed (de- 
creased), i t  was recommended t h a t  t h e  f o l l o w i n g  s t e p s  be taken  t o  
decrease t h e  t o t a l  t o l e r a n c e  and t h u s  restrict. t h e  amount o f  pos- 
s ib le  a n g u l a r  s h i f t  due  t o  v i b r a t i o n :  
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a .  Remove e x i s t i n g  diamond p i n  ( ~ 0 1 1 7 8 9 )  and D o w e l  
P in  (MS 16555-640) from t h e  Te le scope  Tube Assembly 
(2011893) . 
b, Replace  w i t h  two new Diamond P i n s  ( d e t a i l  2 o f  
F i g u r e  4-33) .  I n s t a l l  t h e  diamond p i n 8  p a r a l l e l  
t o  e a c h  o t h e r  and p e r p e n d i c u l a r  t o  the l i n e  
runn ing  between t h e  t w o  h o l e e  (see d e t a i l  3 o f  
F i g u r e  4-33) . 
C. Rework e x i s t i n g  "H" and "L" h o l e s  i n  t h e  S e x t a n t  
Head Housing (2011252) t o  r e a d  as f o l l o w s :  
"H" h o l e  = 0 . 2 5 0 0 ~ 0 ~ 0 0 0 0  + O m O O O 1  d i a .  x 438 deep  
C 'bo re  0.312 d i a .  x  031 deep  
"L" h o l e  = 0 . 2 5 0 0 ~ 0 ~ 0 0 0 0  + O  O o o l  d i a .  t h rough  
C 'bore  0.312 d i a .  x 0 .031 deep  
An a n a l y s i s  o f  t h i s  new method o f  assembly reveals t h a t  in t h e  
most extreme c o n d i t i o n  t h e  new tolerances w i l l  p e r m i t  0.0010 dis- 
placc.;ent. T h i s  d i s p l a c e m e n t  may allow an a n g u l a r  s h i f t  o f  74.25 
seconds  compared w i t h  t h e  e x i s t i n g  c o n d i t i o n  which may allow an 
a n g u l a r  s h i f t  o f  up to  t w o  minu tes  and 30 seconds .  
Furthelrmore , t h e  worst c o n d i t i o n  w i l l  e x i s t  o n l y  when t h e  
d i s t a n c e  between t h e  two diamond p i n s  e q u a l s  e x a c t l y  t h e  d i s t a n c e  
between t h e  c l e a r a n c e  h o l e s  (see d e t a i l  number 1 c o n d i t i o n  A ) .  
Then and  o n l y  t h e n  w i l l  - t h e r e  o c c u r  a c l e a r a n c e  o f  0.0010 which 
would p e r m i t  t h e  f u l l  a n g u l a r  s h i f t  o f  74.25 seconds .  
However, t h e  two diamond p i n s  and e h e i r  r e s p e c t i v e  c l e a r a n c e  
h o l e s  w i l l  most l i k e l y  t e n d  t o  approach each  o t h e r  (see d e t a i l  L 
of  F i g u r e  4-33, c o n d i t i o n s  B and C) t h u s  app roach ing  t h e  desired 
ze ro  s h i f t  between t h e  S e x t a n t  Head t o  t h e  T e l e s c o p e  Tube. 
2. Cementing of Wedges. Another  method wag t h e n  examined 
whereby e x i s t i n g  O U A ' s  c o u l d  be improved w i t h o u t  requiring major 
d i sa s sembly .  The method chosen i n v o l v e s  the cementing OE t w o  
b e r y l l i u m  wedges (see F i g u r e  4-34 o f  SK HB 501.8) kitp t h ~  i n t e r f a c e  
l o c a t i o n  between SXT Index Head Assembly (2011701) and Te le scope  
Tube Assembly (2011893) a s  shown on t h e  - s k e t c h  (SK HB 5018) r e p r e -  
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T h e  two wedges would be  cemeilted, one on each  side o f  t h e  SXT 
Head, u s i n g  Epoxy Resin  Adhesive (1010996) which s h o u l d  b e  s p r e a d  
on b a t h  congruen t  s i d e s  o f  t h e  r i g h t  t r i a n g u l a r  wedges. An al ter-  
n a t e  Epoxy c o u l d  b e  "Bondmaster M688" p e r  N D  1002004 Type I. 
The wedges are d e s i g n e d  w i t h  u n d e r c u t s  a t  each  end  o f  t h e  
wedges. T h i s  i s  f o r  t h e  purpose  o f  p e r m i t t i n g  t h e  wedges t o  b e  
p r i e d  l o o s e ,  s h o u l d  t h e  n e c e s s i t y  a r i s e  t o  remove them i n  order t o  
d i s a s s e m b l e  t h e  unj. t. 
In  order t o  g a i n  a c c e s s  t o  i n s t a l l  t h e  wedges,  it w i l l  be 
n e c e s s a r y  t o  t e m p o r a r i l y  remove t h e  F l e x p r i n t  and Connector  As- 
semblies (1012519 6 1012520) and t h e  t w o  cable clamps (1090220-4) 
l o c a t e d  under  the 6 4 X  Reso lve r  which h o l d  down t h e  h a r n e s s  assem- 
b l y .  
The p r o p e r  p rocedure  f o r  c l e a n i n g  t h e  s u r f a c e s  and p r e p a r a t i o n  
b e f o r e  cementing s h a l l  be  obse rved .  
A f t e r  cement ing t h e  wedges i n  p l a c e ,  r e i n s t a l l  t h e  p r e v i o u s l y  
removed F l e x p r i n t s  and h a r n e s s  assembly w i t h  t h e  t w o  cable clamps.  
Upon f u r t h e r  i n v e s t i g a t i o n  t h i s  method o f  s e c u r i n g  t h e  SXT 
Head a g a i n s t  S D A  s h i f t  d i d  p rove  s u f f i c i e n t  and t h u s  avo ided  t h e  
n e c e s s i t y  of s e c u r i n g  t h e  SXT Index  Head Assembly w i t h  t w o  diamond 
p i n s  as d e s c r i b e d  above. 
4.5.2.17 OUA I n t e r n a l  C o r r o s i o n  
PROBLEM. Evidence  of c o r r o s i o n  h a s  been found i n s i d e  t w o  
Q U A ' S ,  AGE 1 2 1  and AGE 201A. The c o r r o s i o n  appeared  i n  t h e  form o f  
small w h i t e  f l a k e s ,  which,  i n  t h e  c a s e  o f  t h o s e  found i n  AGE 121 ,  
have been i d e n t i f i e d  a s - p r i n c i p a l l y  B e r y l l i u m  Hydroxide.  
HISTORY OF UNITS. AGE 1 2 1  h a s  been  s h i p p e d  s e v e r a l  t i m e s  be- 
tween AC E l e c t r o n i c s  and NAA, and h a s  been  j . n s t a l l e d  i n  S p a c e c r a f t  
No. 1 4 .  
AGE 2 0 1 A  showed no e v i d e n c e  o f  c o r r o s i o n ,  fo l l owing  t h e  com- 
p l e t i o n  o f  t h e  q u a l i f i c a t i o n  tests. The u n i t  was t h e n  exposed t o  
u n c o n t r o l l e d  env i ronments  i n c l u d i n g  v a r i o u s  h i g h  humid i ty  con- 
d i t i o n s .  C o r r o s i o n  i n  t h e  u n i t  a t  t h i s  t i m e  i s  t h e r e f o r e  n o t  con- 
s i d e r e d  s i g n i f i c a n t .  
MCOMMENDATIONS. I n i t i a t i o n  o f  a p r a c t i c e  o f  p e r i o d i c  Nitro-, 
gen pu rg ing  for a l l  f i e l d  Q U A ' S  i s  recoqmended. Kollsman is re- 
viewing t h e  o v e r a l l  c o r r e c t i v e  a c t i o n s .  
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4 . 5 . 2 . 1 8  Anod iz ing  o f  SXT and SCT P a n e l s  
BACKGROUND. The d e c i s i o n  h a v i n g  b e e n  made t o  b l a c k  a n o d i z e  
tile SXT P a n e l ,  PN 2012727, and  the SCT P a n e l ,  PN 2012728,  a s  a n  
a n t i - c o r r o s i o n  m e a s u r e ,  a  vendor  w a s  selected a n d  a P u r c h a s e  O r d e r  
p l a c e d .  The v e n d o r ,  Summit F i n i s h  i no - ' Thonias t o n ,  C o n n e c t i c u t ,  
c h o s e n  a f t e r  c o n s i d e r a t i o n  o f  tl- c j u r c e s ,  i s  a company 
w i t h  broa;! e x p e r i e n c e  and  c a p a b i  L i t y  n m e t a l  f i n i s h i n g  o p e r a t i o n s ,  
b u t  w i t h  l i m i t e d  backgr0ur .d  i n  working  w i t h  b e r y l l i u m .  Because  o f  
the t i g h t  s c h e d u l e ,  and  i n  view o f  t h e  v a l u e  o f  t h e  p a n e l s  b e i n g  
a n o d i z e d ,  c o n s i d e r a b l e  c o n c e r n  e x i s t s  a s  t o  t h e  e v e n t u a l  c a p a b i l i t y  
1 o f  t h e  v e n d o r .  
A close l i a i s o n  w a s  m a i n t a i n e d  w i t h  t h e  C h i e f  Chemis t  o f  
Summit. Some s i g n i f i c a n t  e x c h a n g e s  d u r i n g  t h i s  l i a i s o n  are  as 
f o l l o w s  : 
1. Sununit w a s  i n f o r m e d ,  i n  a d v a n c e  o f  TDRR a c t i o n ,  o f  t h e  
new t h i c k n e s s  r e q u i r e m e n t  and  o f  t h e  s a l  t - s p r a y  r e q u i r e -  
ment  tha t  would be imposed when A n o d i z i n g  S p e c i f i c a t i o n  
N D  1002127 was r e p l a c e d  by N D  1002296. The v e n d o r ' s  
i n i t i a l  r e a c t i o n  i n d i c a t e d  t h e  p o s s i b i l i t y  t h a t  h e  
c o u l d  n o t  f u l l y  comply w i t h  t h e s e  r e q u i r e m e n t s .  
2 .  K I  E n g i n e e r i n g  and  R e l i a b i l i t y  r e p r e s e n t a t i v e s  v i s i t e d  
t h e  Summit f a c i l i t y  on  11 May 1966 t o  c l a r i f y  a n o d i z i n g  
s p e c i f i c a t i o n  r e q u i r e m e n t s  a n d  e v a l u a t e  t h e  v e n d o r  ' s 
t o o l i n g .  The r e q u i r e m e n t s  o f  t h e  new s p e c i f i c a t i o n  
N D  1002296,  were d i s c u s s e d ,  a n d  i t  w a s  a g r e e d  t h a t  
some c h a n g e s  were needed .  
a .  The d i m e n s i o n a l  loss p e r  s u r f a c e  would  h a v e  t o  be 
changed  from 0.0001 to  0.00015 f o r  Type I ( d u l l )  o r  
Type I1 f i n i s h e s .  The R e l i a b i l i t y  r e p r e s e n t a t i v e  
w a s  work ing  w i t h  MIT/IL t o  e f f e c t  s u c h  a change .  
b .  Due t o  t h e  d i m e n s i o n a l  10s ck a n o d i z e  s h o u l d  be 
removed from t h e  0.3125 2 8:08h!? hole, s i n c e  t h e  
t o l e r a n c e  c o u l d  e a s i l y  be Ci8P8eed by  a n o d i z i n g .  A 
c h a n g e  r e q u e s t  w a s  subxx i t t ed  1 2  May 1966.  
c. Kollsman QC n o t e d  t h a t  a 30 t o  60 s e c o n d  e t c h  a l l o w e d  
by t h e  s p e c i f i c a t i o n  would r e s u l t  i n  an  e x c e s s i v e  
loss  o f  material  and recommended g r e a t  c a u t i o n  i n  u s e  
o f  t h i s  p r o c e s s .  Some c o n s i d e r a t i o n  is b e i n g  g i v e n  
t o  renioval o f  t h i s  p o r t i o n  o f  t h e  s p e c i f i c a t i o n .  
3. The v e n d o r  agreed to  r u n  s a l t - s p r a y  tests ar measure  
a n o d i z e  t h i c k n e s s  on s a m p l e s  p r o v i d e d  b. KT, so directed. 
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I t  i s  i n t e n d e d  t h a t  a l l  P . O . ' s  on which ND 1002296 i s  
c a l l e d  o u t  w i l l  c a l l  f o r  such  vendor  measurements.  
4 .  Three  samples  o f  known O u t e r  Diameter (03) were l e f t  w i t h  
t h e  vendor  t o  measure performance o f  t h r e e  s u r f a c e  p re -  
p a r a t i o r ,  methods a s  f o l l o w s :  Vapor b l a s t ;  5 t o  10-second 
e t c h ,  30-second e t c h .  D u l l n e s s  o f  f i n i s h  and d e g r e e  o f  
d imens iona l  l o s s  were to  be checked f o r  each .  The samples  
have  s i n c e  been completed w i t h  t h e  f o l l o w i n g  r e s u l t s  : 
Vapor b l a s t  - semi-g loss  f i n i s h  - no d imens iona l  loss 
5-second e t c h  - semi-gloss f i n i s h  - 0.0001 i n c h  
d i a m e t e r  change. 
30-second e t c h  - d u l l e s t  o f  t h r e e  f i n i s h e s  - 0.0003 
i n c h  d i a m e t e r  change. 
The use  o f  a  d r y  g r i t  b l a s t  w a s  d i s c u s s e d  w i t h  t h e  vendor  
a s  the p o t e n t i a l l y  optimum s u r f  ace p r e p a r a t i o n .  
Wo SCT P a n e l s  were b l a c k  a n o d i z e d ,  and p a s s i n g  th rough  
Incoming I n s p e c t i o n .  MRB a p p r o v a l  was n e c e s s a r y ,  s i n c e  
t h e  a n o d i z e  f i n i s h  i s  n o t  d u l l  i n  a l l  areas e s p e c i a l l y  
a round  t h e  c o u n t e r  window. The p a n e l s  are e n t i r e l y  
s u i t a b l e  f o r  u s e  i n  prime equ ipment ,  and s h o u l d  p a s s  MRB. 
Due t o  ambigu i ty  i n  t h e  a n o d i z e  f i e l d  c a l l o u t s  on t h e  
p a n e l  d rawings ,  t h e  t w o  t apped  h o l e s  f o r  mounting t h e  eye-  
p i e c e  f l a n g e s  were n o t  anodized .  The vendor  had  s t o p p e d  
work on l a t e r  p a n e l s  due to u n c e r t a i n t y  i n  t h i s  matter. 
There  f o r e ,  K I  Pu rchas ing  had i n s t r u c t e d  t h e  vendor  
( t h r o u g h  Eng inee r ing  m e m o  AET-6-329, 5-26-66) t h a t  these 
5/16 i n c h  t apped  h o l e s  s h o u l d  n o t  be anod ized ,  and t h a t  
work proceeded  .wi thou t  f u r t h e r  d e l a y .  
ACTIONS 
1. P a n e l  drawings  2012727 and 2012728 w e - r e  changed by T D R R ' s  
2 9 1 4 7  and 29145 r e s p e c t i v e l y .  By v i r t u e  of t h e s e  C l a s s  I 
changes  : 
a .  The new ND 1002296 s p e c i f i c a t i o n  w a s  imposed. 
b. Type I11 f i n i s h  had replaced Type I e x c e p t  i n  l i m i t e d  
areas around t h e  c o u n t e r  windows o f  p a n e l  2012728. 
c. Requirement f o r  anod ize  w a s  omitted i n  t h e  0.3125 
i n c h  h o l e s ,  which are d i m e n s i o n a l l y  c r i t i ca l .  
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2 .  A spec imen ,  one  o f  t h e  t h r e e  no ted  above ,  w a s  checked fox  
a n o d i z e  t h i c k n e s s ,  and found to  b e  0.0005 i n c h .  T h i s  i s  
t h e  nominal  v a l u e  o f  t h e  r e q u i r e d  0 .0003 to  0.0007 i n c h  
r a n g e .  
The second  o f  t h e  three specimens  was p r o c e s s e d  f o r  s a l t -  
s p r a y  t e s t i n g  . 
An RTM w a s  p r o c e s s e d  t o  e s tab l i sh  a  s t a n d a r d  t e s t  specimen 
p r o c e d u r e  p e r  t h e  r equ i r emen t s  o f  N D  1002296. T h i s  pro-  
c e d u r e  w a s  a p p l i e d  t o  a l l  f u t u r e  orders, w i t h  K I  s u p p l y i n g  
the b e r y l l i u m  sample p i e c e s .  
CONCLUSIOLJS AND RECOMMENDATIONS - Summit F i n i s h i n g  appeared  t o  
have t h e  c a p a b i l i t y  t o  m e e t  a l l  r equ i r emen t s  o f  t h e  b l a c k  a n o d i z e  
on p a n e l s  2012728 and 2012727. T h i s  was e s p e c i a l l y  t r u e  i n  view o f  
the c l a r i f i c a t i o n s  a f f e c t e d  by t h e  r e c e n t  drawing changes .  Reason- 
a b l e  s c h e d u l e  demands w e r e  s a t i s f i e d  as K I  m a i n t a i n e d  a close 
1 i a i s o n  w i t h  t h e  vendor .  
4 .5 .3  Lunar  Module Enq inee r inq  
4.5.3.1 Accomplishments 
SUMMARY - The L M P r o j s c t  O f f i c e  c o n t i n u e d  c o o r d i n a t i o n  e f f o r t s  
i n  t h e  areas summarized as f o l l o w s  and expanded i n  t h e  e n s u i n g  
p a r a g r a p h s .  
1. Procurement  - Cont inued  emphasis  w a s  p l a c e d  on a l l e v i a t i n g  
vendor  d i  f f  i c u l  t ies  i n v o l v i n g  procurement  o f  t h e  remain ing  
c r i t i c a l  l o n g - l e a d  i t e m  (e .g .  ret icles) .  
2. ~ a n u f a c t u r i n g  S u p p o r t  - Cont inued s u p p o r t  t o  manufact-uring 
w a s  p r o v i d e d  f o r  purposes  o f  d e v e l o p i n g  improved manu- 
f a c t u r i n g  assembly a l i g n m e n t ,  and test  p r o c e d u r e s  t o  f a c i -  
l i t a t e  d e l i v e r y  of t h e  AOT p r o d u c t i o n  models. A s  a r e s u l t  
o f  t h e s e  e f f o r t s ,  one  p r o d u c t i o n  model w a s  d e l i v e r e d  and 
o n e  p r o d u c t i o n  model assembled and tested. 
3. Design R e v i e w  and E v a l u a t i o n  - The d e s i g n  o f  t h e  vacuum 
t e s t i n g  equ ipment ,  i n c o r p o r a t i n g  t h e  vacuum test a d a p t e r ,  
was f i n a l i z e d .  T e s t  t e c h n i q u e s  related t o  f i n a l  AOT ac- 
c e p t a n c e  tests under  vacuum envi ronment  w e r e  e v a l u a t e d  and 
the a p p l i c a t i o n  o f  o x i d a t i o n  p r e v e n t i o n  c o a t i n g ,  t h e  new 
p r e s s u r e  sea l ,  and  cam lock a d d i t i o n s  t o  the AOT w e r e  re- 
viewed.  
4 .  Ground S u p p o r t  Equipment (GSE) - The FAT p l a n  w a s  deve loped  
and  implemented f o r  the AOT Tester ( l a r g d  base).  
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Procurement o f  t h e  AOTT ( s m a l l  base)  , Valve Covers,  Lens 
Covers,  and a d a p t e r  p l a t e  m o d i f i c a t i o n  t o  the d e l i v e r e d  
AOT Shipping  C o n t a i n e m a s  completed. 
The de t a i  1s p e r t a i n i n g  t o  each o f  t h e  fo rego ing  accomplish- 
m e n t s  a r e  d i s c u s s e d  i n  t h e  fo l lowing  pa ragraphs .  
SHIPMENT O F  PRODUCTION - Project Engineering. ex tended  s u p p o r t  
t o  Space Div i s ion  Manufacturing d u r i n g  t h e  r e p o r t i n g  pe r iod .  The 
o b j e c t i v e  was t o  con t inuous ly  develop and r e f i n e  AOT assembly,  
a l ignment  and test  t echn iques  p r i o r  t o  shipment  o f  p roduc t ion  A O T ' s .  
AS a r e s u l t  o f  t h e s e  e f f o r t s ,  t h e  f i r s t  p roduc t ion  AOT PN 6011000- 
000 ,  SN 7 (LM SN 601) r e p r e s e n t i n g  t h e  " b a s e l i n e  c o n f i g u r a t i o n "  
was sh ipped .  The-bu i ldup  and t e n t i n g  h i a s t o r y  f o r  t h i s  u n i t  is  
documented i n  Acceptance Data Package (ADP) N o .  LM-6. 
EVALUATION OF RELAY LENS ASSEMBLY PROBLEM - The s u s p e c t e d  b i a s  
e r r o r  s h i f t  component c o n t r i b u t e d  by the disp lacement  of  t h e  r e l a y  
l e n s  assembly d u r i n g  reexposure  t o  accep tance  l e v e l  v i b r a t i o n  was 
e v a l u a t e d  and r e s o l v e d  by K I  and MIT/IL. The r e l a y  l e n s  assembly 
was s e c u r e d  t o  t h e  i n n e r  t u b e  w i t h  epoxy,  e f f e c t i v e  AOT S N  8 (LEM 
SN 602) 
V24CUUM TESTING OF 1.3T - TDRR P roposa l  K-506" to MIT/IL modi- 
f  i e d  the LEM Procurement S p e c i f i c a t i o n  6011000 t o  i n c l u d e  func- 
t i o n a l  t e s t i n g  under vacuum environment was approved p e r  TDRR 25457. 
During t h i s  p e r i o d ,  ERP-K76R2, added vacuum c a p a b i l i t y  t o  t h e  pre-  
s e n t  AOT f i n a l  test f i x t u r e  (FTE) and AOT Tester (GSE) , was ap- 
proved f o r  FTE on ly  w i t h  c u t - i n  e f f e c t i v i t y  on AOT S N  11, (LEM SN 
6 0 5 ) .  A l l  d e s i g n s  (e.9. vacuum test  a d a p t e r ,  vacuum test u n i t  
assembly) modifying t h e  AOT test  equipment (FTE) were f i n a l i z e d  
and drawings subsequen t ly  r e l e a s e d  f o r  manufacture  o r  procurement. 
I n  a d d i t i o n ,  new al ignment  and tes t  procedures  were developed f o r  
t h i s  added vacuum c a p a b i l i t y .  
E v a l u a t i o n  of  t h e  e f f e c t s  o f  focal. p l ane  s h i f t  on t h e  o b j e c t i v e  
l e n s  and r e l a y  l e n s  a s sembl ie s  o f  t h e  AOT due t o  vacuum environment 
were completed v i a  computer r a y  t r a c e  i n  p r e p a r a t i o n  f o r  subsequent  
d e l i v e r y  of  a  vacuum-focused AOT. 
OTHER ,rCCOMPLISHMENTS - O t h e r  accomplishments d u r i n g  t h e  
p e r i o d  i n c l u d e d  a  d e t a i l e d  des ign  review o f  t h e  proposed a p p l i -  
c a t i o n  o f  o x i d a t i o n  p r e v e n t i o n  c o a t i n g  (gray  p a i n t  o r  b l a c k  anodize)  
t o  a f f e c t e d  b e r y l l i u m  p a r t s  of t h e  AOT. ERP K109 w a s  g e n e r a t e d  to  
implement t h i s  requirement  a s  fo l lows  : 
1. On assemb-led A O T ' s ,  a  c o a t i n g  o f  g r a y  p a i n t  was a p p l i e d  to 
a c c e s s i b l e  b e r y l l i u m  p a r t s  i n  s p e c i f i c  l o c a t i o n s  p e r  ND 
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1002291 and N D  1002294 w i t h  c u t - i n  e f f e c t i v i t y  on AOT SN 
8 (LEM S N  602) and c u t - o u t  e f f e c t i v i t y  on AOT SN 9 (LEM 
S N  6 0 3 ) .  
2 .  On unassembled A O T ' S ,  a  c o a t i n g  o f  g r a y  p a i n t  and/or  b l a c k  
a n o d i z e  was a p p l i e d  on b e r y l l i u m  d e t a i l  p a r t s  p e r  ND 
1002291 and N D  1002127 w i t h  c u t - i n  e f f e c t i v i t y  on AOT S N  
1 0  (LEM S N  604) and up. 
INFORMAL DESIGN REVIEWS - I n  a d d i t i o n ,  LM Project Eng inee r ing  
e f f o r t  w a s  expended i n  i n f o r m a l  d e s i g n  rev iews  o f  t h e  new AOT 
p r e s s u r e  s e a l  and e y e p i e c e  assembly and p r o c e s s i n g  o f  d e s i g n  
I 
changes  th rough  Kollsman. The f o l l o w i n g  p a r a g r a p h s  p r e s e n t  the re- 
s u l t s  o f  t h e s e  e f f o r t s .  
1. A d d i t i o n  o f  new material S t r a i n  I s o l a t i o n  P r e s s u r e  S e a l  
P N  601114 3 - Acceptance  and q u a l i f i c a t i o n  r equ i r emen t s  f o r  
t h e  p roposed  new p r e s s u r e  s e a l  d e s i g n  by MIT/IL were re- 
viewed f o r  c o m p a t i b i l i t y  w i t h  t h e  r e q u i r e m e n t s  o f  the pre -  
s e n t  s ea l ,  PN 6011096, which w a s  a c c e p t e d  and q u a l i f i e d  by 
Kollsman d u r i n g  t h e  p r e v i o u s  r e p o r t i n g  p e r i o d .  Modi f i- 
c a t i o n s  t o  the p r e s e n t  Kollsman test  equipment  and pro-  
c e d u r e s  were n e c e s s a r y  to  a c c e p t  and q u a l i f y  t h e  proposed 
new p r e s s u r e  seals due to  t h e  change o f  material and ad- 
d i  t i o n a l  r e q u i r e m e n t s  imposed. For  de ta i l ed  i n f o r m a t i o n ,  
see ERP-K138. 
2.  A d d i t i o n  o f  new cam l o c k  d e v i c e  t o  AOT Te le scope  Eyepiece  
Assembly, P N  6011846 - A p r e l i m i n a r y  d e s i g n  rev iew w a s  con- 
d u c t e d  a t  K I  w i t h  MIT/IL d u r i n g  t h i s  p e r i o d  t o  e v a l u a t e  
a l l  d rawings  a £  f e c t e d  by MK 289. A l l  comments and sug- 
g e s t i o n s  were s u b m i t t e d  t o  MIT/IL f o r  e v a l u a t i o n  and i m -  
p l e m e n t a t i o n  o f  change t o  t h e  drawings .  
COORDINATE SYSTEM REIDENTIFICATION - The p r e s e n t  Alignment 
O p t i c a l  T e l e s c o p e  (AOT) C o o r d i n a t e  Sys  t e m ,  as d e f i n e d  i n  Procure -  
I ment S p e c i f i c a t i o n  6011000, w a s  found to  be i n c o r r e c t .  An a n a l y t i -  
cal  s t u d y  o f  the problem w a s  made i n  an attempt to  o b t a i n  a mathe- 
I m a t i c a l  t r a n s l a t i  on to  the new c o o r d i n a t e  sys tem.  T h i s  e f f o r t  w a s  
I s u c c e s s f u l  and r e s u l t e d  i n  the f o l l o w i n g  c o r r e c t i o n  f a c t o r s  : 
1. E l e v a t i o n  r e a d i n g s  i n  the p r e s e n t  c o o r d i n a t e  sys tem w e r e  
c o r r e c t e d  by a f a c t o r  o f  - 5 .  
2 .  Azimuth r e a d i n g s  i n  the p r e s e n t  c o o r d i n a t e  sys tem were 
corrected by a f a c t o r  o f  -866 .  
The Kollsman a n a l y s i s  w a s  forwarded to AC E l e c t r o n i c s .  An 
a n a l y s i s  pe r formed  by AC r e s u l t e d  i n  c o r r e c t i o n  f a c t o r s  o f  -525  and 
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-866 f o r  e l e v a t i o n  and azimuth r e a d i n g s ,  r e s p e c t i v e l y .  Consequently,  
t h e r e  was s a t i s f a c t o r y  agreement between t h e  K I  and AC ana lyses .  





Shipping  Con ta ine r  
AOT Tester 
Vacuum T e s t  Adapter 
ACCOMPLISHMENTS 
Connector Cover,  PN 6014012 - This  cover  now used on t h e  de- 
l i v e r a b l e  A O T ' s .  
Valve Cover - T h i s  c o v e r ,  i s  an i n t e g r a l  p a r t  o f  t h e  Gas In- 
j e c t i o n  Valve Adapter ,  PN 1022893, and was a u t h o r i z e d  by approval  
of ERP-K6O. One a d a p t e r  w i t h  cover  was d e l i v e r e d  f o r  each AOT 
product ion  u n i t .  
Lens Cover - This  cover  a c t u a l l y  c o n s i s t s  o f  t h r e e  s p e c i a l  
cover s  : O b j e c t i v e  P r o t e c t i v e  Cover,  PN 6014306 ; Eyepiece P r o t e c t i v e  
Cover,  PN 6014307; and T r a n s p a r e n t  P r i s m  and Head P r o t e c t o r ,  PN 
6014035. A composite r e f e r e n c e  drawing N o .  6014056 had been 
c r e a t e d .  
Shipping Con ta ine r  - PN 6014000, r e q u i r e d  a d d i t i o n a l  hardware 
and an  a d a p t e r  p l a t e  t o  pe rmi t  mounting t h e  shock r e c o r d e r  c a l l e d  
f o r  i n  ERP-K21. Although mounting f ac i l i t i e s  w e r e  o r i g i n a l l y  de- 
s i g n e d  i n t o  t h e  s h i p p i n g  c o n t a i n e r ,  a change i n  the model shock 
recorder n e c e s s i t a t e d  a d d i t i o n a l  e f f o r t .  The retrofi t  should  be  
completed d u r i n g  t h e  n e x t  r e p o r t i n g  p e r i o d .  An a d d i t i o n a l  r e f e r -  
ence drawing had been c r e a t e d  to  i l l u s t r a t e  t h e  p roper  s h i p p i n g  
c o n f i g u r a t i o n  o f  an AOT w i t h i n  t h e  s h i p p i n g  c o n t a i n e r .  
s 
Vacuum T e s t  Adapter  - The Vacuum T e s t  Adapter  and a s s o c i a t e d  
a u x i l i a r y  equipment r e q u i r e d  t o  test  a vacuum-focused AOT was 
scheduled to go i n t o  p r e l i m i n a r y  o p e r a t i o n  8 June  1466. This  
equipment would b e  used to  tes t  t h e  f i r s t  of t h e  Vacuum Focus In- 
s t r u m e n t s ,  AOT 603. 
AOT Tester (AOTT) PN 6014003 - On 20 May 1966 AOT, SN 1, a t  
GAEC, was d e l i v e r e d  t o  AC. F i r s t  A r t i c l e  T e s t  (FAT) Plan i n d i -  
c a t e d  c o m p q t i b i l i t y  between K I  FTE and GSE. The u n i t  w a s  accep ted  
w i t h  one wa ive r  (KIC-C-202) on SLOS , r e p e a t a k i l i t y  requirements .  
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I n  t h e  r i g h t  d e t e n t  p o s i t i o n ,  t h e  r e a d i n g  was n i n e  a rc - seconds  o u t  
of tolerance i n  Azimuth. Als p a r t  o f  t h e  c o r r e c t i v e  a c t i o n  l isted 
on the w a i v e r ,  K I  w i l l  p r o v i d e  an addendun to  t h e  A D P ,  showing 
need  f o r  more a v e r a g i n g  o f  d a t a .  A TDRR would t h e n  b e  p r o c e s s e d  
to  the Procurement  Spec i  f i c a t i o n  t o  i n c o r p o r a t e  a d d i t i o n a l  ave r -  
a g i n g .  
DESIGN CIfANGES - The p r i n c i p a l  e f f o r t s  o f  t h e  LEM P r o j e c t  
E n g i n e e r i n g  g r o u p  were d i r e c t e d  toward r e s o l v i n g  t h e  i n s t a b i l i t y  
( s h i f t s )  e x h i b i t e d  by the AOT under  v i b r a t i o n .  An e x t e n s i v e  eva-  
l u a t i o n  program was conduc ted  on t h e  AOT L e a r n e r  Model, S N  1. Re-  
s u l t s  o f  t h i s  e v a l u a t i o n  l e d  to a number o f  d e s i g n  changes which 
were i n c o r p o r a t e d  on AOT 604,  S N  10. T h i s  u n i t  w a s  b u i l t  and 
t e s t e d .  F i n a l  Acceptance  tes t  r e s u l t s  were e x c e l l e n t  and t h e  u n i t ,  
which was d e s i g n a t e d  t h e  Q u a l i f i c a t i o n  System, was d e l i v e r e d  a t  AC 
E l e c t r o n i c s  i n  t i m e  f o r  t h e  s t a r t  o f  Q u a l i f i c a t i o n  t e s t i n g .  
A d e s i g n  change was i n c o r p o r a t e d  i n t o  t h e  o b j e c t i v e  l e n s  as- 
sembly improving the AOT a l ignment .  o b t a i n i n g  a  more symmet r i ca l  
f i e l d  o f  view and c o n s e q u e n t l y  improved a l i gnmen t .  E v a l u a t i o n  of 
t h i s  change was s c h e d u l e d  f o r  t h e  AOT L/M, S N  1. I n  a d d i t i o n ,  
field p l o t  measurements on  AOT's  606, 607 and 608 w e r e  o b t a i n e d  and 
plotted f o r  a s s e s s i n g  p r e s e n t  a l i g n m e n t  p r o c e d u r e s .  Mon i to r ing  
of p r o d u c t i o n  u n i t s ,  f a b r i c a t i o n  l i a i s o n  and p a r t i c i p a t i o n  i n  t h e  
AOT Q u a l i f i c a t i o n  test  program rounded o u t  the r ema in ing  e f f o r t s  
of  the group.  
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4 . 6  ENGINEERING - P E R I O D  ENDING 31 DECEMBER 1 9 6 7  
4 . 6 . 1  E n g i n e e r i n g  A c t i v i t i e s  
E n g i n e e r i n g  a c t i v i t y  d u r i n g  t h i s  y e a r ,  w a s  a  c o n t i n u a t i o n  of 
vendor  a n d  i n - h o u s e  s u p p o r t  t h a t  began i n  1966.  The f o l l o w i n g  
i n f o r m a t i o n  c o v e r i n g  t h e  p e r i o d  o f  1 9 6 7  l i s ts  a l l  t h e s e  p rob lems  
and shows t h e  a c t i o n  t a k e n  a n d  c o n c l u s i o n s  a r r i v e d  a t  f o r  each o f  
them.  
4 . 6 . 1 . 1  Long-Lok S c r e w s  
PROBLEM - C o n t a m i n a t i o n  was found  i n  t h r e a d  h o l e s  a f t e r  i n -  
s ta1l .a  t i o n  of  Long-Lok screws. P r e l i m i n a r y  i n v e s t i g a t i o n  r e v e a l e d  
t h a t  Long-Lok screws w h i c h  w e r e  n o t  p r e f o r m e d  r e q u i r e d  g r e a t e r  
t o r q u e  t h a n  p r e f o r m e d  screws, t o  p r o v i d e  t h e  same c l a m p i n g  a c t i o n .  
ACTION - T e s t  d a t a  of  t h e  Long-Lok i n v e s t i g a t i o n  h a s  been 
c o m p i l e d ,  and c o n c l u s i o n s  p r e s e n t e d  i n  a f i n a l  r e p o r t ,  "The E f f e c t s  
of Pre - fo rming  Long-Lok S c r e w s " ,  AE-67-032. 
CONCLUSION -. - No f u r t h e r  a c t i o n  w a s  r e q u i r e d  i n  t h i s  area. 
4 .6 .1 .2  Manual A d j u s t  Knob 
PROBLEM - Upon release t n e  Manual A d  j u s t  Knob would b i n d  
- -- i n t e r m i ,  t t e n t l y  a n d / o r  h e s i t a t e  t o  pop o u t  w i t h  p o s i t i v e  a c t i o n .  
ACTION - A l l  changes  n e c e s s a r y  t o  implement  t h e  Manual A d j u s t  
Knob c h a n g e  h a v e  been a p p r o v e d ,  and a l l  TDRR and  ECO a c t i o n  was 
t a k e n .  The l a s t  of the a s s o c i a t e d  c h a n g e s  w a s  TDRR 33029 on SCT 
P a n e l ,  P N  2012765, c a l l i n g  fo r  a n o d i z e  of t h e  chamfer c u t  for t h e  
O-ring. 
CONCLUSION - E f f o r t  a g a i n s t  t h e  Manual A d j u s t  p rob lem i s  
t h e r e f o r e  c o n c l u d e d .  
4 .6 .1 .3  1012157 R e s o l v e r  - Epoxy R e i n f o r c e m e n t  
PROBLEM -- - - - A s i n g l e  f a i l u r e  of n o n r e p e a t a b l e  a c c u r a c y  a f t e r  
a l i g n m e n t ,  occurred. 
ACTION - A p p l i c a t i o n  of a n  epoxy r e i n f o r c i n g  bead as a p ro -  
d u c t  improvement  has b e e n  c o m p l e t e d  o n  a l l  i n - h o u s e  1012157 resol- 
vers. S i n c e  o n l y  a s i n g l e  f a i l u r e  h a s  t a k e n  p l a c e ,  and  n o  p a t t e r n  
of d e s i g n  or f a b r i c a t i o n  i n a d e q u a c y  is i n d i c a t e d ,  n o  d rawing  c h a n g e  
i s  r e q u i r e d .  
CONCLUSION - N o  further a c t i o n  i s  c o n t e m n l a t e d  on t h i s  matter. 
- -- 
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4.6.1.4 Be ry l l i um Anodize of  P a n e l s  
PROBLEM - S e v e r a l  p a i n t e d  SCT P a n e l s  PN 201.2717 e x h i b i t e d  
damage t o  t h e  B e  a n o d i z e  s u r f a c e .  Loca l  p i t t i n g  t o  b a r e  metal and 
l i f t i n g  under  " t a p e "  t e s t  o c c u r r e d  o n l y  a f t e r  t h e  p a n e l  was r e t u r n e d  
f o r  a n o d i z i n g  of a n o t h e r  a r e a .  
BACKGROUND ( C h r o n o l o g i c a l  Orde r  of  e v e n t s )  
-
a .  TWO p a n e l s  (one  p a i n t e d  and  one  u n p a i n t e d )  were s u c c e s s -  
f u l l y  p r o c e s s e d .  
b. Th ree  p a i n t e d  p a n e l s  f a i l e d  by e x h i b i t i n g  p i t t i n g ,  and 
one  u n p a i n t e d  p a n e l  was s u c c e s s f u l l y  p r o c e s s e d .  
c. Vendor ' s  methods were changed t o  e l i m i n a t e  a c i d  c l e a n i n g .  
d.  Two p a n e l s  (one  p a i n t e d  and  one u n p a i n t e d )  worked s u c c e s s -  
f u l l y .  
e. Four more p a i n t e d  p a n e l s  were p r o c e s s e d ,  w i t h  t h r e e  show- 
i n g  e v i d e n c e  o f  p i t t i n g .  
ACTION 
a.  T e s t s  and a n a l y s i s  were per formed  a f t e r  i n i t i a l  loss o f  
t h r e e  p i e c e s  i n d i c a t e d  p o s s i b l e  t r o u b l e  from u s e  of a n  
acid compound (Nitr ic  Acid-Ammonium Ac id -F luo r ide  Com- 
pound) i n  c l e a n i n g .  T h i s  compound w i l l  d e s t r o y  B e  anodize .  
Vendor 's  methods were r e v i s e d  t o  e x c l u d e  t h i s  compound. 
b. ~ l l  p a n e l s  r e q u i r i n g  r e a n o d i z e  f i r s t  were s t r i p p e d  o f  
p a i n t .  
c. A change order was p r o c e s s e d ,  p e r  p r o p o s a l  K889, t o  re- 
move a n o d i z e  from o n l y  area i n  which l i f t i n g  o c c u r r e d .  
Anodize w a s  r e q u i r e d  h e r e  f o r  c o r r o s i o n  p r o t e c t i o n .  
. 
CONCLUSION - The problem of  a n o d i z i n g  p a n e l s  w a s  resolved by 
v i s ing  t h e  v e n d o r ' s  methods as f o l l o w s :  
a. A l l  p a i n t  w a s  s t r i p p e d  from p a n e l s  b e f o r e  r e a n o d i z i n g .  
b. Approval  o f  K889 w a s  r e c e i v e d ,  which removed t h e  r e q u i r e -  
ments  o f  a n o d i z i n g  t h e  u n d e r s i d e  o f  t h e  p a n e l .  
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4.6 .1 .5  6 4 X  Reso lve r  Peak-to-Peak Error 
PROBLEM 
a .  M u l t i p l e  in-house  rejects r e s u l t e d  from r e s o l v e r  peak- 
to-peak e r r o r  a t  2012736 and 2011000 assembly level.. 
Reso lve r  Spec 20 arc seconds  p-p 
OUA Spec  2 4  a r c  s econds  p-p 
b.  Assembly t o l e r a n c e  b u i l d u p  o f  t w o  ( 2 )  t o  s i x  ( 6 )  arc 
seconds  caussd  R e s o l v e r s  close t o  t h e  l i m i t  o f  s p e c i f i -  
c a t i o n  t o  f a i l  a t  f i n a l .  OUA t e s t .  T h i s  n e c e s s i t a t e d  
rework and retest .  
c. C l i f t o n  and Reeves were t h e  t w o  r e s o l v e r  s o u r c e s  o f  
s u p p l y .  Reeves'  u n i t s  g e n e r a l l y  had lower component 
error and perform b e t t e r  i n  t h e  QUA. 
ACTION - Change P r o p o s a l  K-887 w a s  p r o c e s s e d  t o  change t h e  
Procurement  S p e c i f i c a t i o n  peak-to-peak s p e c i f i c a t i o n  from 2 4  s econds  
t o  30 seconds .  T h i s  would allow a l l  a v a i l a b l e  r e s o l v e r s  t o  meet 
s p e c i f i c a t i o n .  
~ n g i n e e r i n g  r a n  peak-to-peak a c c u r a c y  tests on  f i v e  r e s o l v e r s  
assemblies (PN 1012065) ,  t h r e e  C l i f t o n  u n i t s ,  SN's 1523, 1524 and 
1527, and  t w o  Rseves u n i t s ,  S N  1011  and S N  1055. The tests were 
conduc ted ,  u s i n g  O U A ' s  and t h e  R e s o l v e r  T e s t i n g  F i x t u r e ,  e a c h  w i t h  
t h r e e  d i f f e r e n t  test  c i r c u i t s ;  t h e  t h r e e - w i r e  grounded hookup s p e c i -  
f i e d  i n  the r e s o l v e r  procurement  s p e c i f i c a t i o n ,  t h e  t h r e e - w i r e  un- 
grounded hookup s p e c i f i e d  by AC E l e c t r o n i c s  ( c u r r e n t l y  u sed  f o r  
TDA ''0" only) and t h e  fou r -wi re  hookup specified i n  t h e  OUA p rocu re -  
ment s p e c i f i c a t i o n  f o r  peak-to-peak accu racy .  I n  a d d i t i o n  t o  
Kol l sman ' s  tests, t h e  Reso lve r s  were r e t u r n e d  t o  t h e i r  r e s p e c t i v e  
m a n u f a c t u r e r s  f o r  a c c u r a c y  tests . 
I CONCLUSION - The r e s u l t s  showed t h a t ,  w i t h  t h e  c u r r e n t  Apo l lo  
I OUA tes t  equipment  specified i n  t h e  OUA procurement  s p e c i f i c a t i o n ,  
i n s p e c i f i c a t i o n  peak-to-peak a c c u r a c y  c a n  o n l y  be a c h i e v e d  w i t h  t h e  
f o u r - w i r e  hookup, even  though t h e  Reso lve r  assemblies are tested 
i n  t h e  grounded t h r e e - w i r e  c o n f i g u r a t i o n  by t h e i r  manufac tu re r s .  
N e i t h e r  Kollsman n o r  t h e  Reso lver  m a n u f a c t u r e r s  had a d e f i n i t e  ex- 
p l a n a t i o n  f o r  t h i s  phenomenon, b a s e d  on t h e  l imi t ed  test  r e s u l t s  
from t h i s  i n v e s t i g a t i o n .  The t h r e e  C l i f t o n  Resolvers t h a t  were o u t  
o f  t o l e r a n c e  i n  a l l  t h e  Kollsman tests were a l l  i n  t o l e r a n c e  a t  
C l i f t o n  on t h e i r  equipment .  
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Kollsman r e r a n  t h e  three C l i f t o n  u n i t s ,  SN's 1523, 1524 and 
1527,  u s i n g  i n - l i n e  Index Heads from A G E ' S  219, 220 and 2 2 1  and t h e  
L e a r n e r  Nodel OUA Reso lver / Index  Head combina t ions  t h a t  gave i n -  
s p e c i f i c a t i o n  a c c u r a c y  f o r  t h e  t h r e e  remain ing  o p t i c a l  u n i t s .  
A r e p o r t  on the i n f o r m a t i o n  o b t a i n e d  by Kollsman e n g i n e e r i n g  
i s  c o n t a i n e d  i n  Eng inee r ing  Memo AET-7-478. 
4.6.1.6 Eyep ieces  
PROBLEM 
a. SXT A d j u s t a b l e  Eyepiece ,  PN 2012700 
(1) Eyeguard,  PN 2012609-Eliminate b i n d i n g  a t  f i n e  
aluminum t h r e a d .  
(2 )  Focus Adjus tment  - E l i m i n a t e  b i n d i n g  due  t o  g a l l i n g  
t h r e a d ,  improper  p i l o t i n g  and tendency  t o  o v e r r i d e  
end  o f  a d j u s t m e n t .  
( 3 )  Len r ,  PN 2011782 - E l i m i n a t e  s u s c e p t i b i l i t y  t o  
damage (Lens p r o t r u d e s  beyond h o u s i n g ) .  
b. SCT LER Eyepiece  - PN 2012691 
SCT Mirror Housing - PN 2012699 
SCT Adj.  Eyep iece  - PN 2012719 
( I )  S t r a i n  R e l i e f  - Prov ide  a d e q u a t e  s t r a i n  r e l i e f  
(with r e t r o f i t  c a p a b i l i t y )  . 
( 2 )  Connec tor  p o t t i n g  - change t o  more rugged p o t t i n g  
material such  a s  RTV60 to  a v o i d  s e l f  p r o p a g a t i n g  
c r a c k s .  
( 3 )  Heater Lead S p l i c e  - E l i m i n a t e  v u l n e r a b l e  s p l i c e  
by i n c o r p o r a t i n g  h e a t e r  l e a d  i n t o  c a b l e .  
( 4 )  I n s u l a t i o n  B l a n k e t s  - Change t o  m n t e x i a l  w i t h  better 
molding and foaming c h a r a c t e r r s t i c s  such  as 
i s o c y a n a t e  (L-13) or NOPCB ( 3 0 2 ) .  
c. SXT M i r r o r  Housing - PN 2012699 
Change material o f  p l u g ,  PN 2012124, (Assembly, PN 
2012699) t o  e l i m i n a t e  g a l l i n g  o f  t h r e a d  (aluminum on  
aluminum). 
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ACTION - A l l  chanc n a g a i n s t  s t r a i n  r e l i e f  and c o n n e c t o r  p o t t i n g  
were approved and a l l  TDRR and ECO a c t i o n  was t aken .  F i g u r e  4-35 
shows n a t u r e  o f  change.  
CONCLUSION - A d e s i g n  p l a n  f o r  e y e p i e c e  improvement w a s  sub-  
mittea t o  AC E l e c t r o n i c s .  See F i g u r e  4-36. 
4.6.1.7 SXT Head Mirror Mounting 
PROBLEM - M i r r o r  s h i f t s  o f  SXT heed.  
ACTION - The f o l l o w i n g  proposals were 8ubmi t t ed  t o  r e n d e r  t h e  
SXT ~ e m r r o r s  more stable d u r i n g  v i b r a t i o n ,  and  e l i m i n a t e  mirror 
s h i f t s :  
a.  Proposal K-769-2011712-new mirror bush ing  c o n f i g u r a t i o n  
b. Proposal K-770-2012735 - new mirror bush ing  c o n f i g u r a t i o n  
c .  P r o p o s a l  K-873-2011712 - s h o r t e r  screw l e n g t h  tc  permit 
proper mounting. 
CONCLUClc,r - P r o p o s a l s  a and b were rejected, and c was pending.  
. Meanwhile, ;T:?"h' : . I .  m g e s  of wave washer  l o a d i n g  hav ing  been  approved,  
Kollsman car.~:..in~:,--ci k o  c o n t r o l  t h e  screw l e n g t h  problem of c, by 
s e l e c t i o n  a t  a;:~,::c;nLly. A change w a s  also g r a n t e d  t o  t h e  Procure -  
ment  S p e c i f i c a t i o n  i n c r e a s i n g  t h e  allowable SXT Trunnion z e r o  s h i f t .  
S i n c e  imp lemen ta t i cn  o f  these changes  and  p r o c e d u r e s ,  SXT 
~ r u n n i o n  s h i f t s  d u r i n g  v i b r a t i o n  have been w i t h i n  s p e c i f i c a t i o n .  
4.6.1.8 SXT TDA V i b r a t i o n  S h i f t s  I ' ! 
PROBLEM - SXT TDA z e r o  s h i f t e d  as a r e s u l t  of v i b r a t i o n .  
- 
ACTION 
a. The SXT s h i f t  was b r o u g h t  unde r  c o n t r o l  per u s e  o f  wave 
washer w i t h  h i g h e r  l o a d i n g  and  a rolled edge. The draw- 
i n g  change w a s  accepted by CCB. See F i g u r e s  4-37 and 
4-38. 
b. P r o d u c t i o n  h a s  e x p e r i e n c e d  a problem i n  p roduc ing  washe r s  
w i t h  h i g h e r  l o a d i n g - t h e  par ts  r e q u i r e d  for  OUA 2 1 4 .  
Kollsman reworked washe r s  have  more c o n s i s t e n t ,  though 
lower, p r e s s u r e .  
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Figure 4-35. ERP 192, Fuse and Stress Relief 
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Figure 4-36.  SXT Eyepiece Assembly, PN2012700 
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Figure 4-37. S X T  Vibration S h i f t s ,  
Orig inal  Design 
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Figure 4-38. SXT vibration Shifts Latest Design, 
PN 2011213, Revision A 
KOLLSMAN INSTRUMENT CORPORATION 
The L e a r n e r  Model OUA, r e b u i l t  w i t h  Kollsman reworked 
washe r s ,  w a s  v i b r a t e d  and ana lyzed  f o r  TDA s h i f t s .  
A q u a n t i t y  of washers  s u f f i c i e n t  f o r  t h e  remaining OUS's 
has been  r e c e i v e d  from t h e  vendor  and placed i n  s t o c k .  
CONCLUSION - N o  f u r t h e r  s t e p s  need b e  t a k e n  i n  t h i s  area. 
4 .6 .1 .9  SXT S h a f t  S p r i n g  Back ( F i g u r e  4-39) 
PROBLEM 
I a.  SXT s h a f t  moves ( jumps) when power is  removed 
b. Observed a t  NAA, AC and Kollsman 
c .  Observed o n l y  d u r i n g  manual d i rect  mode o p e r a t i o n  
d u r i n g  GCN F u n c t i o n a l  T e s t s  
d .  V a r i a t i o n s  i n  magnitude up t o  0.4 degrees obse rved  
e. I m p o r t a n t  i n  t r a i n i n g  and ground t e s t i n g .  Not c r i t i ca l  
d u r i n g  f l i g h t .  
ACTION (Kollsman I n v e s t i g a t i o n  o f  Problem) 
a. N o  s e r v o  loop d u r i n g  manual direct  mocd 
'W I 
b. No electrical  l o c k  a f t e r  hand c o n t r o l l e r  is r e l e a s e d  I 
c. Only mechan ica l  damping or  f r i c t i o n  can h o l d  p o s i t i o n  1 
d. OUA i s  d e s i g n e d  and assembled f o r  mini.mum f r i c t i o n  
I e. OUA P.S. and F i n a l  T e s t  P r o c e d u r e s  do n o t  mon i to r  open 
loop  c h a r a c t e r i s  t ics .  
(KOLLSMAN INVESTIGATION OF CAUSE) 
a. F l e x p r i n t s  proved t o  be t h e  components r e s p o n s i b l e  
b. N o  changes  t o  f l e x p r i n t s  are p r a c t i c a l  
c. S p r i n g  back magni tudes  are shown i n  Table 4-16 1 
d o  A summary of f i n d i n g s  of t h e  i n v e s t i g a t i o n  i s  g i v e n  i n  
r e p o r t  AE-67-030, "SXT S h a f t  Axis  S p r i n g  Back". 
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Figure 4-39.  Flexprints i n  Sextant Shaft 
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ACTION 
a .  NASA i s  c o n s i d e r i n g  l i v i n g  w i t h  t h e  c o n d i t i o n  
b. AC i s  c o n s i d e r i n g  t h e  a d d i t i o n  o f  a s w i t c h  t o  k e e p  motors 
e n e r g i z e d .  T e c n n i c a l l y ,  t h i s  i s  t h e  optimum s o l u t i o n .  
c. Kollsman w a s  r e q u e s t e d  t o  add a f r i c z i o n  p r o d u c i n g ,  f i n g e r -  
t o - s h a f t  @ e a r  f a c e  which  r e q u i r e s  c o n f i q u r a t i o n  change  
a n d  a r e q a a l i f i e a t i o n  program.  T h i s  s o l u t i o n  i s  t e c h n i -  
c a l l y  i n f e r i o r  t o  I t e m  b. 
CONCLUSION - The problem is  c u r r e n t l y  r e f e r r e d  t o  AC f o r  
f u r t h e r  a c t i o n .  Kol lsman does n o t  c o n t e m p l a t e  any f u r t h e r  a c t i o n  
to  be n e c e s s a r y .  
TABLE 4-16 
SPRING BACK MAGNITUDES 
L o c a t i o n  U n i t  
- 
Max. S p r i n g  Back 
A t  Kol l sman B l o c k  1-100 S/N 4 0.2' ( 1 2  m i n u t e s )  
S/N 023 0.08'  ( 4 . 7  minutes) 
L e a r n e r  Model 0.1' 6 m i n u t e s )  
A t  AC E l e c t r o n i c s  S / N  018 
S/N 020 
A t  N.A.A. 
0.3' ( 1 8  m i n u t e s )  
0.1'  ( 6 m i n u t e s )  
0.04' (2 .4  m i n u t e s )  
4.6.1.10 Thermal  B l a n k e t s  
PROBLEM 
a. The v e n d o r  y i e l d  was u n s a t i s f a c t o r y .  I n t e r n a l  voids and  
loose s k i n  were major c a u s e s  of r e j e c t i o n .  A l l  p r o d u c t i o n  
a n d  s p a r e s  r e q u i r e m e n t s  h a v e  b e e n  del ivered.  
b. Long lead t i m e  be tween p l a c e m e n t  of t h e  a n t i c i p a t e d  
spares order a n d  d e l i v e r y  of parts was normal .  
c. T h e  basic p rob lem o f  e n g a g i n g  a v e n d o r  to  m a n u f a c t u r e  
t h e r m a l  b l a n k e t s  w i t h o u t  i n t e r n a l  voids and  loose s k i n  
s t i l l  e x i s t e d .  
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d .  A new vendor  was r e s e a r c h e d  and  a t r i p  wae made to  
U r e t h a n e  Molders, Tonawanda, New York, f o r  t h e  p u r p o s o  
o f  f o r m u l a t i n g  new f a b r i c a t i n g  t e c h n i q u e s .  The same 
prob lem areas were e n c o u n t e r e d  by  U r e t h a n e  as t h o s e  
e x p e r i e n c e d  by t h e  p r e s e n t  v e n d o r .  
4 
ACT I ON 
a .  Cause  ( U r a l a n e  577-1) .  
(1) Material - Foaming a c t i o n  d i f f i c u l t  t o  c o n t r o l  
( 2 )  P o t  L i f e  - Very s h o r t  (10-15 s e c o n d s  
( 3 )  Poor  Rework C h a r a c t e r i s t i c  
( 4 )  Vendcr lacks  a d e q u a t e  c a p a b i l i t y  
b. I n v e s t i g a t i o n  
(1) V a r i o u s  materials were e v a l u a t e d ,  u s i n g  wood molds 
a n d  s i l a s t i c  molds .  S e e  T a b l e  4-17. 
TABLE 4-17 
MATERIAL PERFORMANCE 
P o t  I n s u l .  Spec .  F l a m m a b i l i t y  
Material L i f e  Voids S k i n  P rop .  R e q  t A i r  Ox y 
a 
I s o f o m  60 sec. S l i g h t  Good Good Accept X X 
NOBCO 30 sec. S l i g h t  P o o r  Good N/A - X 
Chempol 60 sec. S e v e r e  P o o r  Good N/A X X 
PRC 1 5 3 8  24 h r s .  None Good Poox N/A - - 
( 2 )  P r o d u c t i o n  e v a l u a t i o n  was c o n d u c t e d  a t  U r e t h a n e ,  I n c .  
(new v e n d o r )  o n  22 March 1967.  The mold became 
a v a i l a b l e  a t  Mutron 30 March 1967. 
( 3 )  U r e t h a n e  c a p a b i l i t y  i n c l u d e s :  
A u t o m a t i c  d i s p e n s i n g  
R i g i d  molds. 
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CONCLUSION - Prior  t o  t h e  c o n c l u s i o n  of a n  e n g i n e e r i n g  i n v e a t i -  
- g a t i o n  a nonflammable Thermal b l a n k e t  was r e q u e s t e d .  
4 .6.1.11 Connec tors  1 
PROBLEM - E x c e s s i v e  wear h a s  t a k e n  p l a c e  on t h e  c o u p l i n g  s u r -  
faces- OUA bu lkhead  c o n n e c t o r s ,  p a r t i c u l a r l y  i n  t h e  d e t e n t  
g rooves .  
ACTION - A l u b r i c a n t  was recommended by AC E l e c t r o n i c s ,  and a 
s p e c i f i c a t f o n  c o n t r o l  drawing was g e n e r a t e d  f o r  t h i 8  l u b r i c a n t .  
I n s t r u c t i o n  f o r  a p p l i c a t i o n  of t h i s  l u b r i c a n t  had a l so  been p r o v i d e d  
' by AC. 
a.  Cable  clamps were p rov ided  t o  s u p p o r t  t h e  h a r n e s s  on 
t h e  PTF and t a k e  t h e  l o a d  o f f  t h e  c o n n e c t o r .  
b .  A p l a t f o r m  w a s  used t o  s u p p o r t  t h e  a l t e r n a t e  s h o r t  s a b l e .  
CONCLUSION - A l l  s t e p s  c o n s i d e r e d  n e c e s s a r y  fo r  t h e  p r o t e c t i o n  
o f  t h e  c o n n e c t o r  were t aken .  
4.6.1.12 Purge  Valve 
PROBLEM - During t h e  second q u a r t e r  of 1967,  E n g i n e e r i n g  i n -  
v e s t i g a t e d  screw t i p  damage which o c c u r r e d  when 1 5  i n - l b s  t o r q u e  
was a p p l i e d  w h i l e  c l o s i n g  t h e  Purge  Valve.  
ACTION ( T e s t  E v a l u a t i o n  o f  Design Changes) 
a ,  Length  o f  t h e  screw nose  w a s  r educed  which caused  t h e  
v a l v e  t o  seal a t  5 i n - l b s  o f  t o r q u e .  The o p e r a t i o n  w a s  
checked 18  times and t h e  v a l v e  was sealed a t  5 i n - l b s  
w i t h o u t  l e a k s .  
b. The 0 r i n g  w a s  e l i m i n a t e d  i n  s t a n d a r d  assembly and t o r q u e d  
t o  15 i n - l b s  w i t h  no  e v i d e n c e  o f  l e a k s .  
C. T e s t  plates were o r d e r e d  t o  r e p e a t  t h e  p r e c e d i n g  tests on 
f o u r  hasic a s s e m b l i e s .  Conc lus ions  and r e s u l t s  were re- 
p o r t e d  i n  the t h i r d  q u a r t e r  o f  1967. 
CONCLUSION - Design change recommendations were based on tes t  
p l a t e  d a t a .  
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4 6 . 1 1 3  S h e l f  Life Sparea  
- 
PROBLEM - S h e l f  L i f e  Spare8 .  The uove rnnen t  Block 11 spares 
recora was reviewed and recommendation8 were made t o  r e i n s p e c t  pa r t s  
and assentblies stored i n  t h e  Bond Room for long periods o f  t i m e .  
L u b r i c a t i o n  i s  a n  a r e a  at basic conce rn .  
ACTION 6 CONCLUSION - An u n s o l i c i t e d  ERP. N o .  203 was p r e p a r e d  
and s = i i t o  AC for f u r t h e r  s t u d y  and a c t i o n .  
4.6.1.14 S i z e  8 Reso lver  Errors 
PROBLEM - nJo s i z e  8 r e s o l v e r s  were rejected as b e i n g  o u t  o f  
s p e c i F E X T Z n  . 
ACTION - E n g i n e e r i n g  i n v e s t i g a t e d  t h e  peak-to-peak errors of 
s i z e  8 l v e r s .  The method o f  c lamping w a s  s u s p e c t e d .  The e f f e c t s  
o f  t h e  F u n c t i o n a l  Tester were e v a l u a t e d .  A test f i x t u r e  was de- 
s i g n e d  t o  e v a l u a t e  e f f e c t s  o f  clampo on  s h a f t s .  
The tvo s i z e  8 r e s o l v e r s  which were rejected for b e i n g  o u t  o f  
e p e c i f i c a t i o n  were tested. Both s i z e  8 r e s o l v e r s  were found t o  be 
w e l l  w i t h i n  s p e c i f i c a t i o n  a f t e r  retest. N o  a p p r e c i a b l e  change w a s  
n o t e d  on  peak-to-peak r e a d i n g s  unde r  v a r y i n g  clamp l o a d s ,  from 
f i n g e r t i g h t  t o  6 i n - l b s .  
CONCLUSION - The p r e s e n t  method of o p e r a t i o n  was c o n s i d e r e d  
a d e q u a t e .  
4.6,1.15 B e  C o r r o s i o n  
PROBLEM - Evidence  of Be c o r r o s i o n  was n o t e d  inside OUA base 
1
cavities. 
ACTION - As a r e s u l t  of many t e a t s  per formed  by R e l i a b i l i t y ,  
a pro- w a s  a p p l i e d  t o  OUA as a p i l o t  run .  S a t i s f a c t o r y  re- 
s u l t s  were o b t a i n e d  and manufac tu r ing  r e v i s e d  several Route and 
~ o o l  books t o  implement t h i s  p rocedure .  
CONCLUSIONS 
a.  Kollsman treated all f u t u r e  i n - l i n e  bases w i t h  t h i s  pro- 
c e d u r e .  
b. A l l  OUA's r e t u r n e d  f o r  r e t r o f i t  or repair were checked 
f o r  c o r r o s i o n  and recommendations were made on  an i n d i v i -  
d u a l  basis. 
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4.6.1.16 Exudate  and Haze 
PROBLEM - AC r e p o r t e d  t h a t  a h a z i n g  c o n d i t i o n  had deve loped  
i n  S N  029. 
ACT ION 
a .  A rev iew of p a s t  h i s t o r y  was reopened.  (Ref.  R e l i a b i l i t - p ,  
ARR 3 1 ) .  
b. Route and Tool o p e r a t i o n s  were reviewed and p r o c e d u r e s  
were t i g h t e n e d .  
c .  F u r t h e r  i n v e s t i g a t i o n  d i s c l o s e d  t h a t  t h e  "haze"  s e e n  i n  
v a r y i n g  d e g r e e s  on SXT windows was i n d e e d  a v a r i a t i o n  i n  
t h e  appea rance  o f  o p t i c a l  c o a t i n g .  Such v a r i a t i o n s  are 
normal.  
d .  A F i e l d  B u l l e t i n  was s e n t  to  a le r t  f i e l d  e n g i n e e r s  on t h e  
p r o p e r  method of i n s p e c t i o n  of c o a t e d  g l a s s .  
CONCLUSIONS 
a. v a r i a t i o n s  i n  c o a t i n g s  ( appea rance )  on SXT windows a r e  
normal.  
b. N o  f u r t h e r  i n v e s t i g a t i o n  was r e q u i r e d .  
4.6.1.17 SXT Trunnion H e s i t a t i o n  
PROBLEM - H e s i t a t i o n  was observed by AC i n  t h e  SU)S image as 
it t r ' m d  the f i e l d  of view d u ~ i n g  G&N sys tem t e s t i n g .  
ACTION 6 CONCLUSION - AC directed Kollsman v i a  KD 2374 t o  i m -  
p lement  a s t u d y  program t o  d u p l i c a t e  t h i s  phenomenon a t  t h e  Kollsman 
f a c i l i t y .  Subsequent  amendments t o  t h e  basic KD were r e c e i v e d  
r e s u l t i n g  i n  t h e  p l a n  of a c t i o n  i n  t w o  p h a s e s  as f o l l o w s :  
Phase  I i s  described i n  d e t a i l  i n  Repor t  AE67-033, " S e x t a n t  
Trunnion  H e s i t a t i o n  Study". 
Phase  11 i s  t h e  Implementa t ion  Phase .  
A l l e v i a t i o n  of t h e  SXT Trunnion H e s i t a t i o n  n e c e s s i t a t e s  t h e  
r e d e s i g n  o f  S p r i n g ,  PN 2011239, which is  used  i n  t h e  2011940 S p r i n g  
and Col le t  Assembly. 
The proposed s p r i n g  exhibited an i n c r e a s e  i n  t o r q u e  and w a s  
a l s o  d e s i g n e d  so tha t  t h e  l o o p s  w i l l  n o t  t o u c h  when rotated from 0 
through 25  5 d e g r e e s .  
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The f o l l o w i n g  l i s t  o f  TDRR p r o p o s a l s  were s u b m i t t e d  t o  MIT/ZL 
f o r  DRB 6 CCB a p p r o v a l  f o r  i n - l i n e  and  r e t r o f i t  a c t i o n .  
IN-LINE TDRR PROPOSALS 
-
K 89292012766 S p r i n g  ( N e w  Dwg. ) 
S o r i n g  6 C o l l e c t  Assy.  (New Dwg.) 
SXT I e d c x  Head Assy.  
- 
K 895-2012736 OUA S u b a s s ' y  S t a g e  I1 
K 896-2011000 OUA 
K 897-2016207 P r o c u r e m e n t  Spec .  
RETROFIT TDRR PROPOSALS 
K 910-8106063 K i t  Dwg. ( N e w  Dwg.) 
K 911-2011000 OUA 
K 912-201271 6 OUA S u b a s s y l  S t a g e  I1 
K 913-2012735 SXT I n d e x  Head A s s 1 y  
K 914-8106025 Master r e t r o f i t  k i t  l i s t  
K 915-2016206 P r o c u r e m e n t  Spec .  
K 916-2016207 P r o c u r e m e n t  Spec .  
4 .6 .1 .18  N o n - M e t a l l i c  I n v e s t i g a t i o n  - KD 2377 
PROBLEM - S e a r c h  o u t  and  s u b s t i t u t e  materials f o r :  
AOT S e a l ,  PN 6011143 
AOT and  OUA E y e p i e c e  i n s u l a t i n g  b l a n k e t s  
Background ( C h r o n o l o g i c a l  order of e v e n t s )  
10 May - R e c e i v e d  K D  L377 - C.O. 205 
10-16 May - P r e l i m i n a r y  T n v e s t i g a t i o n  
a. D e f i n e  t o t a l  r e q u i r e m e n t s  f o r  s u b s  ti t u t e s  
b. Thermal  a n a l y s i s  on OUA e y e p i e c e s  
c. Material s e a r c h  i n i t i a t e d  
22 J u n e  - S t a t u s  m e e t i n g  
T a r g e t  f o r  c o m p l e t i o n  set f o r  1 5  November 
1967 
b . Progr rm o u t l i n e d  and  manpower a s s i g r L e d  
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28 J u n e  
19 J u n e  - 
7 J u l y  
- Thermal E v a l u a t i o n  t es t  p l a n  p r o p o s a l  sub- 
m i t t e d  t o  AC 
- C o n s u l t a t i o n  w i t h  m a t e r i a l  s u p p l i e r s  and 
f a b r i c a t i o n  
28 J u n e  - ERP 206 s u b m i t t e d  t o  AC 
F i r m s  Consu l t ed  
19 June  - 
23, 27  J u n e  - 
27, 29 J u n e  - 
27 J u n e  - 
29 J u n e  - 
29 J u n e  - 
3 J u l y  - 
3 d u l y  - 
3 J u l y  - 
Dupcnt and Doge F i b e r s  
3M Co. 
AGC Corp. 
A l l i e d  Chemical 
Borden Chemical 
Boonton I n d u s t r i e s  
American F e l t  Co .  
Diaphragm I n d u s t r i e s  
Conn Hard Rubber 
Programming 
a.  T a b l e  4-18 c u t l i n a s  t h e  program. Complet ion  date f o r  
t h e  f i n a l  r e p o r t .  
b. F i g u r e s  4-40 and 4 - 4 1  summarize t h e  manning and 
i t i n e r a r y  e s t a b l i s h e d  f o r  t h e  program. 
4.6.1.19 SXT Reticle I n v e s t i g a t i o n  
PROBLEM - A demarcar inn  l i n e  w r s  o b s e r v e d  31. t h e  SXT ret icle  
d u r i n g  the b u i l d u p  of t h e  2012736 assembly l e y - - 1 .  I t  was de te rmined  
a f t e r  t h e  Reticle assembly w a s  removed from t h e  u n i t  and examined 
t h a t  t h e  l i n e  w a s  a f r a c t u r e  i n  t h e  Cover g l a s s  of t h e  reticle.  
ACTION - The tes t  o b j e c t i v e  w a s  t o  b u i l d  f a c s i m i l e  samples  o f  
~ e t i c ~ e m b l i e s  and test  them t o  d e t e r m i n e  optimum t y p e s  o f  
cement,  cement ing t e c h n i q u e ,  t i g h t e n i n g  t o r q u e s  a n d  the rma l  shock 
i n £  l u e n c e .  
- 
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TABLE 4-18 
PROGRAM OUTLINE 
SIX WO?,K PHASES ( 2  TEST PHASES [BC E 7 
PROP0 SED - REQ UlEE AUTHOPIZATION) 
I. PHASE *A*- P R E L I ~ ~ R Y  INVESTIGATL\TION 
PLAM. T HEBiBAL A!JALYSIS RE $EAm 
REQUIQENEIJTS, PRELIMIFJABY SEARCl-I 
w 2. PHASE 'Bw T H E R ~ A L  EWVIROUE4EUT 1*EST 
-- (PROPbSED EM PIR ICA L DATA. PRESliNT Cb!iFIGUBATION 
BUT MOT 
AlJTl109ll~D) 
3. PHASE 'C FIATEQIAL SEARCH 
ELINIUAT!OM PIiOCESS 
I - - .  4. PHASE 'Do APPLICATIOM DESJGU 




BUT NOT VU-KMTIOid OF ~ECOP[MENDED SU~~STITUTES 
AUTlI0D.I ZED) 
6. PHASE 'F' FINAL REPORT 
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SCH EDUL I NG; 
I FROGRAM PROGRAM TIME REQUIRMEMS - WKS 
fwAsE 1 2 3 4 5 6 7 8 9 l O  1 6  to 
1 . l l l L L . I  I L I I  1 1 1 1 1 1 1 1 1 1 1 L 1 1 . 1 . L , , , * , .  a+ 
PHASE A 
( P R E L I M )  
PHASE 0 
(YEST) 
PHASE C (mr SURVEY) 
PHASE E 
t i . 5 ~ 7  ) 
PHASE P 
(OES 16 N ) 
PHASE F 
( R E  PORT) I 
! 
- 
 MAY^ JUNE 1 ci wry I AUG 1 SEPT I OCT uovl 
Ulf/67 11//q87 
MILESTONES 
JUNE 16- PHASE A - '30MQCFTL 
JUNE 28- ERP 206 SURMITTEO 
JUNE 28- TEST PLAN SUBMITTED TO AC (PHASES 8 d ~ )  
JULY 24- PHASE 6 -ART ( DESIREABLE BY AUG 30) 
SEPT 30- PRELIMINARY REP0.W TO A.C. 
OCT 15-PHASE E (NOT A U T ~ I O P I Z L D )  
,NOV 45- FINAL REPORT- INVESTIGATION COMPLETE 
Figure 4 0. Scheduling 
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PROGRAbd FLOW 
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MAICQIAL WoBUNS - 
AVAtLABlL17Y, 
COWPOUUDIUG 
FINAL SE LlCTIOkl 
c 
S C P C E U  
I 
SmClFlc PQoBLLMS, 
FORMS 4 APPLICA7101i. 
FINAL REC~MMEUOAT~OU *I 
R€ PORT - PHASE F 
PHASE L 
r 
Figure 4 - 4 1 .  Program Flow 
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CONCLUSION - Revised R o ~ t e  and Too l  p r o c e d u r e s  and s t a i n s  
measurements t o  minimize  s t a i n  p a t t e r n s  i n  SXT reticle.  
4.6.1.20 OUA 1-201 S N  014 Failure A n a l y s i s  
PROBLEM - E n g i n e e r i n g  v e r i f i e d  t h e  t w o  f i e l d  f a i l u r e s  on t h i s  
u n i t  and found t h e  problems were due t o  a n  i n t e r m i t t e n t  t a chomete r  
o u t p u t  on t h e  SCT s h a f t  motor ,  a  h i g h  s t a r t i n g  v o l t a g e  on t h e  motor 
i t s e l f  and a t i g h t  mesh between t h e  SCT s h a f t  gearbox  o u t p u t  g e a r  
and t h e  s h a f t  b u l l  g e a r  r e s u l t e d  i n  e x c e s s i v e  wear on t h e  o u t p u t  
g e a r .  
I ACTION - A r e w o r k  p l a n  w a s  p r e s e n t e d  t o  AC E l e c t r o n i c s  t o  re- 
f u r b i s h  u n i t .  
CONCT,USION - N o  f u r t h e r  a c t i o n  i s  con templa t ed  o n  t h i s  m a t t e r .  
4 . 6 . 1 . 2 1  SCT Outpu t  Gear Dr ive  Gear Wear Problem 
PROBLEM - A f a i l u r e  on AGE 1-201 S N  014 OUA and a s u b s e q u e n t  
check of AGE 206 SN OUA d i s c l o s e d  an  ex t r eme  wear problem a t  t h e  
mesh between t h e  s h a f t  d r i v e  gsar  (PN 2011655) and t h e  s h a f t  g e a r -  
box o u t p u t  g e a r  (PN 2011278) . Both u n i t s  were used  e x t e n s i v e l y  i n  
t h e  f i e l d .  
ACTION - A n a l y s i s  o f  t h e  g e a r s  i n  q u e s t i o n  d i s c l o s e d  t h e  proh- 
l e m  w a s  t o  a n  o v e r l y  t i g h t  mesh. T h i s  mesh w a s  a d j u s t a b l e  a t  
assembly.  An examina t ion  o f  f o u r  o t h e r  r e c y c l e d  f i e l d  u n i t s  showed 
n o  excess wear i n  t h i s  mesh. 
M e m o  No. AET-7-441 w a s  g e n e r a t e d  t o  v i s u a l l y  o b s e r v e  t h i s  mesh 
under  40X m a g n i f i c a t i o n .  The mesh was checked e v e r y  22-1/2 d e g r e e s  
on  t h e  s h a f t  d r i v e  g e a r  f o r  some t o o t h  c l e a r a n c e  ( b a c k l a s h )  and t o  
i n s u r e  t h a t  t h e  t e e t h  are n o t  bo t toming  ( i n t e r f e r e n c e )  . 
I CONCLUSION - E n g i n e e r i n g  deve loped  a p r o c e d u r e  which c o n t r o l l e d  
the mesh by a d j u s t m e n t  and  a l t e r e d  t h e  R/T books t o  reflect t h i s  I i n f o r m a t i o n .  
/ 4.6.1.22 OUA P e r p e n d i c u l a r i t y  Problem 
PROBLEM - I t  w a s  found t h a t  a  s i m u l a t e d  s h i f t  i n  p e r p e n d i c u l a r i t y  
cou ld  be c a u s e d  by t h e  lamp used  i n  t h e  e y e p i e c e  t o  b a c k l i g h t  t h e  
OUA d u r i n g  t e s t l n g .  S l i g h t  o f f  c e n t e r i n g  o f  t h e  lamp or c o l l i m a t i n g  
Lenses i n  t h e  lamp r e s u l t e d  i n  an  off  c e n t e r e d  image o f  t h e  OUA 
/ Reticle,  t h u s  d u p l i c a t i n g  t h e  same e f f e c t  as a p e r p e n d i c u l a r i t y  
I e r rOL- .  
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ACTION 6 CONCLUSION - The tes t  p r o c e d u r e  was changed t o  u s e  
a  d i f f u s e d  l i g h t  s o u r c e  w i t h o u t  t h e  e y e p i e c e  f o r  b a c k l i q h t i n a  t h e  
- - 
OUA. T h i s  f i x  was p r e v i o u s l y  w e d  s u c c e s s f u l l y  on t h e  ~ T F  for TDA 
"0" when a s imi lar  lamp problem gave  e r r o n e o u s  r e s u l t s .  Corrective 
a c t i o n  was c o v e r e d  i n  ECO 118856. 
4.6.1.23 SXT L i m i t  S t o p  T e s t s  (Ref r E n g i n e e r i n g  Report AE-67-035 
See Appendix B) 
PROBLEM - A q u e s t ~ o n  was r a i s e d  by NASA whe ther  t h e  OUA SXT 
l i m i t  s t o p s  were a d e q u a t e  t o  a b s o r b  r e p e a t e d  impac t s  from t h e  s h a f t  
and t r u n n i o n  axes a t  f u l l  s l e w  s p e e d s  w i t h o u t  f a t i g u e  and degrada-  
t i o n .  
ACTION - K o l l s m a i r  measured t h e  f o r c e s  i n v o l v e d  a t  t h e  s t o p s  
and v m y  o b s e r v e d  t h e  s t o p s  a t  impac t .  The f u l l  a b l a t i v e  
cover  assembly was mounted t o  t h e  SXT t r u n n i o n  f o r  t h e s e  tests. 
Both l i m i t  s t o p s  appea red  ; idequa te  i n  o p e r a t i o n  and e x h i b i t e d  no 
f a t i g u e ,  d e g r a d a t i o n  or tendency  t o  m a l f u n c t i o n .  
CONCLUSION - T h e r e f o r e ,  t h e r e  was n o  problem w i t h  t h e  p r e s e n t  
d e s i g n  or contgonents i n  e i t h e r  s t o p  assembly.  
h r t h e r  e n g i n e e r i n g  i n v e s t i g a t i o n  w a s  n o t  r e q u i r e d .  
4 . 6 . 1 . 2 4  Pechan P r i s m  Mount 
PROBLEM - ~ i m e n s i o n a l  a n a l y s i s  and t o l e r a n c e  b u i l d u p  disclosed 
a p o t e n t r d I l o o s e  Pechan p r i s m  mount on OUA AGE 215. 
ACTION - An a n a l y s i s  o f  t h e  o t h e r  i n - l i n e  u n i t s  t h rough  AGE 
221 d i s c l o s e d  a p o t e n t i a l  problem assembly.  T h i s  assembly was 
mounted i n  the L e a r n e r  Model OUA and v i b r a t i o n  tested t o  d e t e r m i n e  
if a problem r e s u l t e d .  T e s t i n g  w a s  s c h e d u l e  w i t h i n  t h e  n e x t  t w o  
w e e k s  d u e  t o  b a c k l o g  on t h e  v i b r a t i o n  equ ipment  a t  t h i s  r e p o r t  
p e r i o d .  
CONCLUSION - New assembly s p e c i f i c a t i o n s  were deve loped  t o  
select s p r i n g s  a t  assembly l e v e l .  
4 .6 .1 .2s  Non-meta l l i c  M a t e r i a l  I n v e s t i g a t i o n  
PROBLEM - To f i n d  n o n - m e t a l l i c  s u b s t i t u t e  materials as a sub- 
s t i t u F e f 0 r t . h ~ .  e y e p i e c e  b l a n k e t s  t h a t  w i l l  p a s s  t h e  NASA f i r e p r o o f  
r equ i r emen t s .  
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ACTION -   pol lo Program M a t e r i a l s  Repor t ,  A-A-67-414, 31  ~ u g u s t  
1 9 6 7 ,  l ists t h e  a c t i v i t y  up t o  t h a t  t i m e .  
Prom 31 August  u n t i l  t h e  p r e s e n t ,  Kollsman w a s  d i r e c t e d  by AC 
E l e c t r o n i c s  t o  use 'Vi ton"  g r o u p  m a t e r i a l  or e q u i v a l e n t  f o r  t h e  OUA 
Eyep ieces  and "Beta  C l o t h "  ( t e f l o n - c o a t e d  f i b e r g l a s s )  f o r  t h e  LM. 
OUA Eyep ieces  - " V i t r o n N  sponge b l a n k e t s  were deve loped  and 
drawings  made. The d rawings  and ND documents 
are c u r r e n t l y  a t  MIT/IL f o r  CCB a p p r o v a l .  The 
vendor  i s  p r o c e s s i n g  i n i t i a l  l imi ted  q u a n t i t y  
o r d e r .  
- Metallic p r o t e c t i v e  c o v e r s  were deve loped  f o r  
t h e  LM h e a t e r  pads  and lamps. The drawings  
a r e  c u r r e n t l y  a t  MIT/IL f o r  CCB a p p r o v a l .  
P a r t s  were made f o r  e v a l u a t i o n  on a n  in-house  
AOT . 
CONCLUSION - " V i t r o n "  sponge b l a n k e t s  were found n o t  a c c e p t a b l e .  
Kollsman to ld  t go ahead w i t h  metallic p r o t e c t i v e  c o v e r s  f o r  eye- 
pieces. 
4.6.1.26 SCT P a n e l  Counte r  I n t e r f e r e n c e  Problem 
PROBLEM 
a.  A f i e l d  f a i l u r e  on AGE-1-201 OUA disclosed a n  old problem 
i n  t h e  OUA; t h e  p o s s i b l e  i n t e r f e r e n c e  between t h e  - o u n t e r s  
and t h e  p a n e l  b e z e l s .  
b e  A second  problem deve loped  d u r i n g  the i n v e s t i g a t i o n .  I t  
was found t h a t  some c o u n t e r  s h a d e s ,  when broughz back t o  
t h e i r  l i m i t  s t o p s ,  i n t e r f e r e d  w i t h  t h e  c o u n t e r  drum. 
ACTION AND CONCLUSION 
a.  E n g i n e e r i n g  deve loped  t h e  d imens ions  f o r  a gauge t o  meas- 
u r e  t h e  c l e a r a n c e  on t h e  p a n e l  b e z e l s  and altered t h e  R/T 
books t o  a l l o w  t h e  c o u n t e r  s h a d e s  t o  p r o t r u d e  s l i g h t l y  
above t h e  o p t i c a l  base. U n t i l  now, P r o d u c t i o n  had t o  ad- 
j u s t  t h e  c o u n t e r  s h a d e s  t o  clear t h e  t o p  o f  t h e  o p t i c a l  
base. Now no a d j u s t m e n t  would be allowed i n  changing  t h e  
c u r v a t u r e  of t h e  shade .  A l l  a d j u s t m e n t s  were l i m i t e d  t o  
t h e  p a n e l  b e z e l s  and  shade  mounting.  
b. ~ n g i n e e r i n g  a n a l y z e d  t h e  c o u n t e r  d rawings  and r e q u e s t e d  
Q u a l i t y  Assurance  t o  d e v e l o p  i n s p e c t i o n  p r o c e d u r e s  f o r  t h e  
1 0 1 2 5 1 2  c o u n t e r s  b e f o r e  t h e y  are s t o c k e d .  
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4 . 6 . 2  GSE E n g i n e e r i n p  
4.6.2.1 OUA P r o t e c t i v e  P 1 a s t . i ~  Covers  
AC r e q u e s t e d  an  e n g i n e e r i n g  b u d g e t a r y  from Kollsman on OUA 
P r o t e c t i v e  P l a s t i c  Covers .  E n g i n e e r i n g  g e n e r a t e d  t h e  f o l l o w i n g  
t e c h n i c a l  d e s c r i p t i o n :  
Item 1 - P l a s t i c  C o n t a i n e r  
The bag w i l l  be o f  a p l i a b l e  p o l y e t h y l e n e  or s i m i l a r  m a t e r i a l  
w i t h  a preformed " z i p p e r "  edge  c a p a b l e  o f  s u p p o r t i n g  a p r e s -  
s u r e  o f  2-3 p s i .  The  OUA (less e y e p i e c e ) ,  p l a c e d  i n s i d e  
t h e  b a g ,  w i l l  be  s u p p o r t e d  on t h e  e y e p i e c e  p a n e l ,  r e s t i n g  
on s i m p l e  b l o c k s  which are n o t  i n c l u d e d  i n  t h e  e s t i m a t e .  A 
p l a s t i c  t u b e  w i l l  e x t e n d  from t h e  bag w i t h  a s t a n d a r d  t i r e  
v a l v e  a t t a c h e d ,  so t h a t  n i t r o g e n  c a n  be  e a a i l y  i n s e r t e d .  
Item 2 - P l a s t i c  Cover 
The hand-formed p l a s t i c  c o v e r  w i l l  be a d a p t e d  t o  t h e  CM con- 
f i g u r a t i o n  w i t h  a l l  o f  t h e  a b l a t i v e  s h i n  i n  p l a c e .  The 
c o v e r  w i l l  be sealed t o  t h e  CM s k i n  v i a  an  a d h e s i v e  t a p e ,  o f  
a t y p e  c u r r e n t l y  i n  u s e  by NAA and NASA. 
A t t a c h e d  t o  t h e  p l a s t i c  c o v e r  w i l l  be a mechan ica l  p o c k e t  
h o l d i n g  a non-dus t i n g  t y p ~  d i s p o s a b l e  d e s a i c a n t .  
4 . 6 , 3  Lunar Module Project E n g i n e e r i n g  
4.6.3.1 G e n e r a l  A c t i v i t i e s  
During the f i rs t  r e p o r t i n g  p e r i o d  of 1967, t h e  f o l l o w i n g  u n i t s  x 
were f a b r i c a t e d  and d e l i v e r e d :  
a ,  AOT 609 ( S N  15 )  d e l i v e r e d  31 J a n u a r y  1967 
I b. AOT 610 ( S N  16)  d e l i v e r e d  6  March 1967. I 
The a fo remen t ioned  d e l i v e r i e s  were made w i t h  no w a i v e r s  i s s u e d  
a g a i n s t  them. 
During t h e  second r e p o r t i n g  p e r i o d  of 1967, Alignment O p t i c a l  
Te l e scope  (AOT) 611 ( S N  1 7 )  w a s  fabricated and d e l i v e r e d  1 . i t h o u t  
w a i v e r s ,  29 May 1967. 
I During t h e  t h i r d  r e p o r t i n g  p e r i o d ,  Alignment  O p t i c a l  T e l e s c o p e s  
(AOTgs) 610 (SN 1 6 ) ,  611 (SN 17)  and  612 (SN 1 8 )  were f a b r i c a t e d  
and d e l i v e r e d  w i t h  the f o l l o w i n g  d e s i g n  m o d i f i c a t i o n s .  
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a .  ~ o i s t u r e p r o o f i n g  and i l l u m i n a t i o n  of  t h e  a n g l e  c o u n t e r  
b. I n c o r p o r a t i o n  of dray i n  the Reticle C o n t r o l  Knob 
c. Change i n  re t ic le  i l l u m i n a t i o n  !clear t.o red b u l b s )  
d .  S e a l i n g  of eyeguard  p lug .  
Th ree  AOT h i g h  d e n s i t y  s u n f i l t e r s  ( p r o d u c t i o n  u n i t s )  were f a b r i -  
c a t e d  and d e l i v e r e d .  
I 4 . 6 . 4  E n g i n e e r i n g  A c t i v i t i e s  
E x t e n s i v e  e n g i n e e r i n g  d e s i g n  s t u d i e s  were i n i t i a t e d  on an AOT 
sunshade  and accompanying GSE. The purpose  o f  t h e  sunshade  was to  
r educe  s t r a y  l i g h t  r e f l e c t e d  from Space  Capsu le  s k i n  and rendevous  
r a d a r  t h e r e b y  r e d u c i n g  t h e  c a p a b i l i t y  of s t a r  s i g h t i n g s .  
T h i s  e n g i n e e r i n g  e f f o r t  was d i r e c t e d  toward t h e  i n c o r p o r a t i o n  
of t h e  f o l l o w i n g  d e s i g n  changes  i n t o  t h e  Kollsman L e a r n e r  Model. 
a .  ~ o i s t u r e p r o o f  i n g  o f  t h e  Angle Counte r  and p r o v i s i o n  
f o r  i l l u m i n a t i o n .  
b .  I n c o r p o r a r i o n  of d r a g  i n  t h e  Reticle C o n t r o l  Knob 
c. Change i n  Reticle i l l u m i n a t i o n  (Clear t o  red b u l b s )  
d .  S e a l i n g  of  Eyeguard open ing  
e. Ref ined  reticle. 
The a fo remen t ioned  d e s i g n  changes  were demons t r a t ed  t o  NAS\ 
I and  t h e  a s t r o n a u t s  on t h e  n i g h t  of 8 J u n e  1967 and were r e c e i v e d  
v e r y  f a v o r a b l y .  Design changes  a.  t h rough  d. i n c l u s i v e  were approved 
for  b o t h  r e t r o f i t  and i n - l i n e  p r o d u c t i c n .  
The AOT High Dens i ty  F i l t e r  d e s i g n  was completed and a proto- 
t y p e  f a b r i c a t e d  f o r  e v a l u a t i o n .  
E x t e n s i v e  e n g i n e e r i n g  e f f o r t  was d i r e c t e d  i n  t h e  f o l l o w i n g  
s p e c i f i c  areas. 
4 .6 .4 .1  M o i s t u r e p r o o f i n g  o f  t h e  Angle Coun te r  and P r o v i s i o n  f o r  
Variable I l l u m i n a t i o n  
~ u r i n g  AOT 604  q u a l i f i c a t i o n  t e s t i n g  the Angle Counte r  window 
"fogged up" when t h e  u n i t  was exposed t o  humidity. Redesign of t h e  
c o u n t e r  hous ing  w a s  unde r t aken  to  p r o v i d e  m o i s t u r c ~ r o o f i n g  . The 
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e.. 
m o i s t u r e p r o o f i n g  was accompl ished by b o t h  s t a t i c  and dynamic seal  
as w e l l  as c o a t i n g  the c o u n t e r  window w i t n  an a n t i f o g g i n g  f i l m .  I n  
a d d i t i o n ,  c o u n t e r  i l l m i n a t i o n  was s u p p l i e d  v i a  "wedgem l i g h t i n g  as  
i r  c u r r e n t l y  i n  u s e  on t h e  OUA. 
4.6.4.2 ~ n c o r p o r a t i o n  o f  Dray i n  t h e  Reticle C o n t r o l  Knob 
I n  o r d e r  t o  make t h e  Reticle C o n t r o l  Knob more stable,  b u t  
s i  11 m a i n t a i n  i t s  ' f ree-wheel ing"  or " s l ewing"  c h a r a c t e r i s t i c s ,  a 
d r a g  f e a t u r e  was d e s i g n e d  i n t o  t h e  knob assembly i n  t h e  form o f  a n  
O-ring a round  t h e  knob s h a f t .  T h i s  m o d i f i c a t i o n  i s  a f i e l d  r e t r o f i t ,  
4 .6.4.3 Change i n  Reticle I l l u m i n a t i o n  
To o b t a i n  a  s h a r p e r  d e f i n i t i o n  between t a r g e t  s t a r ,  ret icle  
c u r s o r  and e p i r a l  l i n e s ,  and t o  f a c i l i t a t e  t h e  a s t r o n a u t ' s  p h y s i o l o g i -  
c a l  a d a p t a t i o n  t o  darkened  l i g h t  env i ronment  [da rk  a d a p t i o n ) ,  a 
change i n  r e t i c le  i l l u m i n a t i o n  from w h i t e  to r e d  was e f f e c t e d .  Corlt- 
p a r a t i v e  tests were conducted  on w h i t e  and  red b u l b s  t o  05toCn vo l -  
t a g e  l e v e l s  r e q u i r e d  t o  a c h i e v e  t h e  same i l l u m i n a t i o n .  R e s u l t s  w i l l  
aid i n  f i x i n g  t h e  v o l t a g e  o u t p u t  o f  t h e  Computer C o n t r o l  and Reticle 
D i m m e r  assembly by A:. 
4 . 6 ,4 ,4  S e a l i n g  AOT A p e r t u r e s  
To p r e v e n t  con tamina t ion  of  t h e  u n i t ,  by i n f i l t r a t i o n  o f  f o r e i g n  
C p a r t i c l e s  t h rough  i t s  v a r i o u s  open ings ,  a d e s i g n  e f f o r t  w a s  under-  
t a k e n  t o  s e a l  o f f  such  p o r t s .  The e f f o r t  r e s o l v e d  i t s e l f  t o  one 
d i r e c t e d  a t  t h e  pr ime equipment  and a GSE m o d i f i c a t i o n .  
4 .6.4.5 Reticle Contamina t ion  
D U ~  t o  t h e  a s t r o n a u t s '  o b j e c t i o n s  t o  so--called "false s t a r s "  
i n  the re t ic le ,  r e q u i r e m e n t s  gove rn ing  f a b r i c a t i o n ,  a c c e p t a n c e  and 
t e s t i n g  o f  t h i s  component were t i g h t e n e d .  I n  a d d i t i o n ,  items d i s -  
c u s s e d  i n  pa rag rayha  4.6.4.3 and 4.6.4.4 have  been e x p r e s s l y  d e s i g n e d  
toward improving t h e  c o n d i t i o n  o f  t h e  reticle. To o b t a i n  a  q u a l i t a -  
t i v e  measure  of what  t y p e  o f  con taminan t s  glow and could c o n t r i b u t e  
t tihe " f a l s e  s t a r "  problem, known p a r t i c l e s  were i n t r o d u c e d  on t h e  
L e a r n e r  Model AOT w i t h  t h e  f o l l o w i n g  r e s u l t s  i n  order of r e l a t i v e  
b r i g h t n e s s .  
Adhses ive ,  PN 1010838 
Loctite Grade CV 
Loct i te  Grade C 
Ecco Bond 
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F l a k e s  of thermal b l a n k e t s ,  w h i t e  p a i n t  and  b e r y l i i u m  d u s t  
were i n v i s i b l e ,  The a f o r e m e n t i o n e d  o r d e r  of b r i g h t n e s s  w a s  unc'cr 
maximum re t ic le  i l l u m i n a t i o n  ( 5  v o l t s )  however ,  u n d e r  optimum 
ret ic le  i l l u m i n a t i o n  (agproxj .mate ly  2 v o l t s )  t h e  a d h e s i v e  and  Loc- 
t i t e  were o n l y  s l i g h t l y  v i s i b l e .  C o r r e l a t i o n  be tween Kollsman re- 
sult.~ a n d  f i e l d  f i n d i n g s  mus t  be made b e f o r e  any  f i r m  c o n c l u s i o n s  
can be made. 
4 . 6 . 4 . 6  AOT High D e n s i t y  F i l t e r  
Des ign  o f  a s u n  f i l t e r  f o r  t h e  AOT is t o  p e r m i t  s i g h t i n g s  o f  
t h e  s u n .  The f i l t e r  i s  d e s i g n e d  f o r  easy stowage i n  t h e  s p a c e c r a f t .  
4 . 6 . 5  Q u a l i f i c a t i o n  Program 
AOT 604 ( S N  1 0 )  w a s  r e c y c l e d  t h r o u g h  a q u a l i f i c a t i o n  tes t  p r o -  
gram t o  d e t e r m i n e  w h e t h e r  d e s i g n  m o d i f i c a t i o n s  on t h e  AOT, i . e , ,  
c o u n t e r  m o i s t u r e p r o o f i n g  and  i l l u m i n a t i o n ,  drag i n  Reticle C o n t r o l  
Knob, e tc . ,  were a d e q u a t e  from a m e c h a n i c a l  i n t e g r i t y  s t a n d p o i n t .  
The u n i t  passed t h e  h u m i d i t y  test  w i t h o u t  f o g g i n g  o f  the c o u n t e r  
window or i n t r o d u c t i o n  of water i n t o  t h e  c o u n t e r .  
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4 , 7  ENGINEERING - PERIOD 1968 - 1969 
4 . 7 . 1  Command blodule Ens ineer incr  
4 . 7 . 1 . 1  G e n e r a l  A c t i v i t i e s  
The m a j o r  e n g i n e e r i n g  e f f o r t  d u r i n g  t h i s  period was a con- 
t i n u i n g  a n a l y s i s  o f  t h e  vendor  and i n -house  p rob lems  t h a t  began  
d u r i n g  1967.  
4.7.2 E n g i n e e r i n g  A c t i v i t i e s  
-
4.7.2 .1  64X R e s o l v e r  T e s t i n g  (PN 1012065)  
Both Reeves and C l i f t o n  u n i t s  were a c c e p t a b l e  i n  a c c o r d a n c e  
w i t h  component t e s t i n g  p r o c e d u r e s  and  t e s t e d  f u r t h e r  t o  a s  s u r e  
good s y s t e m  p e r f o r m a n c e .  
C l i - f t o n  u n i t s ,  S / N  1527 and  S/PJ 1 5 2 4 ,  would n o t  s a t i s f y  s y s t e m  
r e q u i r e m e n t s .  Two Reeves u n i t s  w e r e  o r d e r e d  t o  s a t i s y  p r o i i u c t i o n  
s h o r t a c 8 e .  Data  i n d i c a t e d  g e n e r a l l y  a  lesser prob lem w i t h  Reeves 
u n i t s  at s y s t e m  l e v e l  tests .  
4.7.2,2 E y e p i e c e  P r o t e c t i v e  Covers  
E y e p i e c e  f i r e  d r i l l  tests c o n d u c t e d  by NASA n e g a t e d  u s e  o f  
n o n - m e t a l l i c  i n s u l a t i n g  c o v e r s .  D i r e c t i o n  t o  d e v e l o p  metal l ic  
covers w a s  r e c e i v e d  on  2 0  J a n u a r y  1968. Redes ign  w a s  a c c o m p l i s h e d  
a n d  a  q u a l i f i c a t i o n  se t  o f  e y e p i e c e s  was s h i p p e d  t o  AC on  20  
F e b r u a r y  1968.  
The new c o v e r s  s a t i s f a c t o r i l y  p a s s e d  q u a l i f i c a t i o n  tests. 
E l e v e n  se ts  o f  e y e p i e c e s  w i t h  new c o v e r s  were d e l i v e r e d  d u r i n g  t h e  
r e p o r t  p e r i o d .  
4 .7 .2 .3  E y e p i e c e  V i b r a t i n g  P r o o f i n g  
Dur ing  ESU - E y e p i e c e  q u a l i f i c a t i o n  t e s t i n q  a t  AC, thumbscrews 
on PN 2012748 backed  o f f  d u r i n g  v i b r ~ t i o n .  F l a t  and  s p l i t  w a s h e r s  
w e r e  i n t r o d u c e d  by AC t o  v i b r a t i o n - p r o o f  screws. 
! 
I n c o r p o r a t i o n  of tilis f i x  r e q u i r e d  m o d i f i c a t i o n  o f  thumbscrews 
t o  accommodate the a i r  f o c u s  s h i m  used f o r  g round  t e s t i n g .  I t  w a s  
recommended hc, AC t h a t  ;:ave w a s h e r s  b e  used t o  a v o i d  c h a n c i n g  screws. 
Sample wave w a s h e r s  were made w h i c h  w i l l  p r o v i d e  t h e  same l o a d i n g  
a c h i e v e d  w i t h  t h e  lockwasher .  
4 .7 .2 .4  SXT Reticle I n v e s t i g a t i o n  
S i m u l a t e d  ret icle  assemblies, P N  2 0 1 2 4 2 5 ,  were t e s t e d  t o  
e v a l u a t e  s t r a i n  c h a r a c t e r i s t i c s  o n  r e t i c le  glass.  Samples  bonded 
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I.-, 
with  r i g i d  epoxy developed edge c r a c k s  s i , rn i l a r  t o  t h a t  r e p o r t e d  i n  
t h e  l a s t  report p e r i o d .  A d d i t i o n a l  samples bonded w i t h  a  f l e x i b l e  
epoxy d i d  n o t  c r a c k  when s u b j e c t e d  t o  t h e  same t e s t  p rocedures .  I 
R e i n s p e c t i o n  o f  a l l  prim,e equipment  uncovered no a d d i t i o n a l  
damaged reti.c!es. A C l a s s  X I  change w a s  p r o c e s s e d ,  c a l l i n g  f o r  
t h e  f l e x i b l e  epoxy t o  be used.  A c t i v i t y  was c l o s e d  o u t .  I 
% 1 4.7.2.5 Pechan P r i s m  Mount 
I 
Measuring t e c h n i q u e s  f o r  d e t e r m i n i n g  shim r equ i r emen t s  were 
r e v i s e d  t o  a s s u r e  p r o p e r  clamping o f  mount. 
Assembl ies  s u s p e c t e d  of hav ing  l o o s e  mounts were v i b r a t e d  and 
found s a t i s f a c t o r y  . The a c t i v i t y  was c l o s e d  o u t .  
4.7.2.6 AGE 2 0 9 ,  S / N  0 2 1  SXT TDA F a i l u r e  
A f t e r  a p ro longed  p e r i o d  o f  t e s t i n g  a t  AC, t h e  SXT TDA w a s  
found t u  be comple t e ly  i n o p e r a t i v e .  S imu la t ed  tests w e r e  con- 
d u c t e d  a t  Kollsman i n  an  e f f o r t  t o  r e p e a t  f a i l u r e  w i t h  n e g a t i v e  
- - -  - 
r e s u l t s .  (Tests were f i l m e d )  . 
Dimensional  s t u d i e s  w e r e  made i n d i c a t i n g  p o t e n t i a l  problem i n  4 
a r e a s  o f :  
a. l i m i t  s t o p s ,  and 
I b. i n t e r f e r e n c e  w i t h  a b l a t i v e  covers. 
A n a l y s i s  and t e s t  were performed and r e s u l t s  were reviewed 
j o i n t l y  by Kollsman and AC for d e t e r m i n a t i o n  o f  c a u s e  of f a i l u r e .  
4.7.2.7 GSE Cover Convers ion (RD2430) 
P N ' S  2012796 and 2012797 ( t h r e e  of e a c h )  were sh ipped  on an  
Eng inee r ing  Waiver (No class A dwgs. ) cn i :4ay 1968. 
Torque r e q u i r e d  t o  engage c o v e r s  with OUA w a s  c o n s i d e r e d  
o b j e c t i o n a l  by t h e  a s t r o n a u t .  Torque r equ i r emen t s  were estab- 
l i s h e d  based  on improved c o v e r s  forwarded t o  NASA on 31 May 1968. 
Shipments  w e r e  pending CCB a p p r o v a l  o f  modi f ied  d e s i g n  and i n c o r -  
p o r a t e s  shimming t o  s a t i s f y  t h e  t o r q u e  r equ i r emen t s .  
t 4.7.2.8 SCT S h a f t  Unbalance 
A cyci ic  s t i c t i o n  phenomenon o f  t h e  SCm S h a f t  w a s  observed 
d u r i n g  t e s t i n g  a t  AC on AGE 206.  Kollsman p e r s o n n e l  were r e q u e s t e d  
w 
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t o  a s s i s t  i n  t h e  i n v e s t i g a t i o n .  
E r r a t i c  s t i c t i o n  was d i s c o v e r e d  c a u s e d  by u n b a l a n c e  of t h e  
A b l a t i v e  Cover a s sembled  a t  AC. T e s t i n g  a t  Kollsman w a s  accom- 
p l i s h e d  w i t h  a b a l a n c e d  meta l l ic  c o v e r ,  PN 2012547. 
4 ,7 .2 .9  E y e p i e c e  L u b r a c t i o n  - K D  2436 - 7  May 1368 
F R  13611  - 6  A\pril  1968 
P l u n g e r s  of t h e  q u i c k  d i s c o n n e c t  f e a t u r e  would n o t  move a f t e r  
q u a l i f i c a t i o n  h u m i d i t y  t e s t .  F a i l u r e  w a s  a t t r i b u t e d  t o  c o r r o s i o n  
p r o d u c t s  l o c a t e d  between t h e  p l ~ n g e r  and e y e p i e c e  h o u s i n g .  
P e r  AC D i r e c t i v e ,  a  change  was p r o c e s s e d  t o  p r o v i d e  a d d i t i o n a l  
c o r r o s i o n  p r o t e c t i o n  t h r o u g h  a p p l i c a t i o n  o f  g r e a s e  t o  t h e  p l u n g e r .  
A similar  c h a n g e  w a s  i n c o r p o r a t e d  o n  c o v e r  assemblies. 
4.7.2.10 Manual Adjus tmen t  Knobs (TDRR 36143) 
a .  S t a i n l e s s  s t e e l  b u s h i n g s  were added t o  t h e  SCT P a n e l  as  
a n  o p t i o n a l  f e a t u r e  t o  improve  wear c h a r a c t e r i s t i c s  a t  
t h e  i n t e r f a c e  o f  knob and  p a n e l ,  
b. B u s h i n g s  were i n c o r p o r a t e d  o n  AGE'S 202,  203, 204,  205 and 
209. I n - l i n e  p r o d u c t i o n  commencing w i t h  ACE 219 also had  
b u s h i n g s  i n c o r p o r a t e d .  
7 . 2 1 1  SXT Trunn ion  L i m i t  S t o p s  (KD 2441) 
a. L i m i t  s t o p  f a i l u r e  a f t e r  e x t e n s i v e  t e s t i n g  a£ AGE 209, a t  
AC, n e c e s s i t a t e d  r e - e v a l u a t i o n  o f  t h e  d e s i g n .  
b. The s t o p  a r r a n g e m e n t  w a s  r e d e s i g n e d  t o  t a k e  h i g h e r  i m p a c t  
l o a d s  and e l i m i n a t e d  c h a n c e  f a i l u r e  d u e  t o  t o l e r a n c e  
a c c u m u l a t i o n .  
c. L i m i t s  o f  t r u n n i o n  t r a v e l  were min imized ,  t h u s  r e d u c i n g  
t h e  p o t e n t i a l  o f  t r u n n i o n  mirror i n t e r f e r e n c e  w i t h  t h e  
a b l a t i v e  c o v e r .  Cover m o d i f i c a t i o n  w a s  r e q u i r e d  t o  
e l i m i n a t e  a i l  p o s s i b i l i t i e s  o f  i n t e r f e r e n c e .  
'3 F i e l d  m o d i f i c a t i o n  w a s  a c c o m p l i s h e d  p e r  AC .Directive. 
e .  The f i n a l  d e s i g n  w a s  p e n d i n g  CCB a p p r o v a l .  
4.7.3 Lunar  r lodule  Project  E n g i n e e r i n g  
4 .7 ,3 .1  G e n e r a l  A c t i v i t i e s  
KOLLSMAN INSTRUMENT CORPORATION 
During t h i s  r e p o r t i n g  p e r i o d ,  t h e  f o l l o w i n g  i n - l i n e  Align-  





During t h e  same r e p o r t i n g  p e r i o d .  t h e  f o l l o w i q g  A O T c s  were 
r e c y c l e d  th rough  Kolfenan f o r  r e t r o f i t :  
S i m u l a t o r  NO. 1 
S i m u l a t o r  NO. 2 
Both i n - l i n e  and r e t r o f i t  A O T ' s  w e r e  d e l i v e r e d  w i t h o u t  w a i v e r s  
and wi th  t h e  l a t e s t  d e s i g n  m o d i f i c a t i o n s  ( r e f .  Paragraph  4 . 1  o f  
T e c h n i c a l  P r o g r e s s  Repor t  No. AA-67-415). 
S i x  AOT h i g h - d e n s i t y  s u n f i l t e r s  were f a b r i c a t e d  and d e l i v e r e d .  
4 . 7 . 4  E n g i n e e r i n q  A c t i v i t i e s  
I n  t h i s  r e p o t t i n g  p e r i o d ,  d e s i g n  o f  t h e  AOT sunshade was 
completed. Design was approved a t  a C r i t i c a l  Design Review h e l d  
a t  NASA-MSC, Houston, Texas.  P r o t o t y p e  sunshades  were f a b r i c a t e d  
and  d e l i v e r e d .  One p r o t o t y p e  underwent  s u c c e s s f u l  t e s t i n g  by NASA 
a t  K i t t s  Peak,  Ar izpna.  
During t h i s  p e r i o d  LM Project E n g i n e e r i n g  conducted  a n  ex- 
t e n s i v e  e n g i n e e r i n g  e v a l u a t i o n  on a n  e n g i n e e r i n g  model o f  t h e  sun-. 
shade. T h i s  e v a l u a t i o n  i n c l u d e d  b o t h  h i g h  l e v e l  v i b r a t i o n  and a 
th ree-day  TV test .  E x c e l l e n t  r e s u l t s  were o b t a i n e d  t e s t i f y i n g  t o  
t h e  mechanica l  i n t e g r i t y  o f  t h e  sunehade.  
L a t e s t  d e s i g n  m o d i f i c a t i o n s  w e r e  i n c o r p o r a t e d ,  d u r i n g  t h i s  
p e r i o d ,  i n t o  t h e  KSC AOT s i m u l a t o r  S/M 4 .  
4 .7 .5  F i e l d  S i t e  A c t i v i t y  
P a s t  e x p e r i e n c e  a t  t h e  GAEC f i e l d  s i t e  i n  t h e  performance o f  
OCP 37027,  f i n a l  checkout  of t h e  LM Guidance and Navigathon sys tem 
a t  t h e  s p a c e c r a f t  l e v e l ,  a lways r e s u l t e d  i n  a n  "out-of-spec"condi-  
t i o n .  The Kollsman GAEC f i e l d  s i t e  Lead Engineer  contended t h a t  
t h i s  c o n d i t i o n  w a s  due t o  t h e  i n e x p e r i e n c e  o f  t h e  GAEC T h e o d o l i t e  
o p e r a t o r s .  During t h e  checkout  s f  t h e  G and N sy s t em on  board LM 
s p a c e c r a f t  N o .  4 ,  Kollsman T h e o d o l i t e  o p e r a t o r s  were used and t h e  
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r e s u l t s  were w i t h i n  s p e c i f i c a t i o n s .  GAEC t h e n  i n c o r p o r a t e d  i n t o  
OCP 37027 recommendations s u g g e s t e d  by Kollsman t o  r e s o l v e  p a s t  
& i f  f i c u l t i e s  w i t h  t h i s  OCP. 
Subsequen t ly ,  a t  the t i m e  o f  t h e  G and N sys tem checkout  on 
LM s p a c e c r a f t  No. 3 a t  N A S A ' s  KSC s i t e ,  t h e  t es t  w a s  conducted  
s o l e l y  by Kollsman p e r s o n n e l ,  A team o f  t e c h n i c i a n s  and e n g i n e e r s  
from t h e  S y o s s e t  f a c i l i t y  s u p p o r t e d  t h e  Kollsntan f i e l d  s i t e  t es t  
e n g i n e e r s  a t  KSC. R e s u l t s  o f  t h e  t e s t  remained w e l l  w i t h i n  re- 
/ q u i r e m e n t s .  S imul taneous ly  a t  GAEC, t h e  G and N sys tem on LM 
s p a c e c r a f t  No. 5 was be ing  checked o u t  by Grumman p e r s o n l ~ e l .  R e -  
s u l t s  (2% t h i s  t e s t  w e r e  a l s o  w e l l  w i t h i n  s p e c i f i c a t i o n s ,  t h u s  con- 
f i r m i n g  Kol lsman 's  p o s i t i o n  on t h e  a forement ioned  OCP. The tes t  
document, as i t  now e x i s t s ,  embodies a l l  o f  Kohlsman's recommenda- 
t i o n s .  R e s o l u t i o n  of t h i s  problem h a s  p rov ided  a major  s t e p  f o r -  
ward i n  f i n a l i z i n g  an  a c c u r a t e ,  r e l i a b l e  G and N sys tem checkout  
p rocedure .  
4.7.6 Rangef inder  
The d e s i g n ,  manufac tur ing  and  d e l i v e r y  o f  t h e  Rangef inder  w a s  
t h e  h i g h l i g h t  d u r i n g  t h e  e a r l y  p a r t  o f  1969. L a t e  i n  November, 
1968, a f t e r  t h e  Apol lo  7 f l i g h t ,  NASA de te rmined  t h a t  a f l i g h t  
q u a l i f i e d  O p t i c a l  Rangef inder  was r e q u i r e d  f o r  t h e  rendezvous  o f  
t h e  A p o l l o  9 Command Module h LM. Apo l lo  e n g i n e e r i n g ,  w i t h  manage- 
ment cogn izance ,  immedia te ly  i n i t i a t e d  work on  t h e  program, p r i o r  
t o  t h e  r e c e i p t  o f  fo rma l  d i r e c t i o n .  The d e s i g n  and procurement  of 
n e c e s s a r y  materials w a s  so e x p e d i t i o u s  t h a t  a p r o t o t y p e  was d e l i v e r e d  
on  1 7  J a n u a r y  1969. A Qua l .  u n i t  on 24 J a n u a r y ,  f l i g h t  u n i t  on 
30 J a n u a r y  and a back-up u n i t  on 7 February .  
The u n i t  o p e r a t e d  s a t i s f a c t o r i l y  on t h e  A p o l l o  9 m i s s i o n  i n  
March 1969. 
I n  view o f  t h e  t i m e  c o n s t r a i n t s ,  e n g i n e e r i n g  had performed a 
t r u l y  o u t s t a n d i n g  job i n  t h i s  endeavor .  
